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Abstract 
Assessment of educational outcomes occupies a central place in the 
educational practices of countries, yet often fails to inform stakeholders in a 
clear and useful manner. This is particularly true of large-scale assessment 
programmes and the reporting of their findings to students and teachers. 
The purpose of this study was to explore the possibilties of better, more 
informative reporting of large-scale assessment programme data to a variety 
of audiences. In particular, reporting in a manner that provides formative, or 
diagnostic, information to students and teachers, and summative, or 
achievement, information to all stakeholders. Further, the aim was to have the 
two aspects of assessment information appear on the same described scale 
in a simple and clear manner. 
In order to explore the possibilities, Australian student data for mathematics 
from the 1995-1996 Third International Mathematics and Science Study 
(TIMSS) was used as a dataset representing typical large-scale assessment 
programmes. These data represented responses to both multiple-choice and 
open response items. As part of the TIMSS programme they had been made 
available publicly for secondary analyses. As in the original TIMSS analyses, 
Rasch analyses were employed, and the data analysed in three separate 
stages, each stage offering an advance in the provision of formative 
information. These advances include connecting formative information in an 
increasingly sophisticated fashion, thus providing more formative information 
than in previous reports. Three models employed were Rasch’s Simple 
Logisitc  Model, Masters’ Partial Credit Model, and Wilson’s Ordered Partition 
Model. 
The results of this exploration produced tabular reports with complementary 
graphical images that offer both formative and summative information in an 
easily accessible format. Further, descriptions of a formative nature are 
attached to each item response, thus enabling planning for future appropriate 
educational experiences for students.  
 vi 
Suggestions for further enhancements to these reports, and constraints to 
their use, are presented: the constraints include the use in this work of the 
TIMSS Australian data, for which the amount of effective formative distractor 
information was limited. Further, this last constraint provides a challenge and 
an opportunity to construct items that more deliberately yield formative data. 
Importantly, this work has established new possibilties for improving large-
scale assessment programme formative information reporting. 
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Chapter 1. 
Introduction 
Straws in the wind, if grasped, can alter significantly all 
that follows. In the present case, a straw that passed in a 
classroom incident, was grasped and the result has been 
a long-term commitment to better assessment and 
reporting of children’s abilities and difficulties in 
mathematics. 
An impetus for change 
As its title suggests, this study is the result of many serendipitous elements. 
While these elements span a range of time, place and activity, there is, 
nevertheless, a point at which they come together, and that point was an 
incident with Alice (a pseudonym) that typifies the loss of valuable diagnostic 
information in current analysis and reporting in mathematics assessment. Alice 
was observed during trials of items for a large-scale testing programme. Alice, 
in Year 4, was attempting to answer the question: 
Tom had 23 cents and Jo had 58 cents. 
How much did they have altogether? 
Like others of her classmates, Alice used tally marks to calculate her answer, 
and began her calculation by drawing a series of pencil strokes as shown 
below.  
Figure 1.1:  Alice’s original tally marks 
 
 
 
Before she had drawn 23 strokes, however, she murmured ‘I can’t do that’, 
erased them, and commenced to replace the strokes with circles representing 
one-cent coins as shown.  
 
 
 
 
   
 
  2 
Figure 1.2: Alice’s preferred tally marks 
 
 
Thus it appears that Alice’s view of representation was not one of using abstract 
symbols, but rather one of using quasi-realistic pictograms. This view is likely to 
create a critical impasse to Alice’s further mathematical development unless it is 
removed. 
The information that this incident provided about Alice’s use of representations 
in her number work would be of great diagnostic value to her teacher, if the 
teacher had observed it. Unfortunately, she was not present and information 
concerning Alice’s number representation and method of solving the simple 
addition problem was neither provided by the analysis of the data, nor the 
reporting of the test results. In later conversation with Alice’s teacher, it 
transpired that the teacher had never observed Alice’s addition strategy, and 
was unaware of Alice’s plight. Alice had slipped through the ‘net’ and would 
continue to be hampered in her mathematics by the lack of some judicious 
assistance by a teacher who heeded Ausubel’s dictum that ‘[T]he most 
important single factor influencing learning is what the learner already knows. 
Ascertain this and teach him accordingly." (1968, p. vi). 
Whilst Alice’s difficulty could be seen as a developmental issue, other students 
show a range of issues, from those like Alice, to students who make careless 
mistakes, to those who have a genuine mis-understanding or mis-conception. 
Since the early 1970s aspects of these difficulties, often called errors, have 
been highlighted by publications such as those by Ashlock (1976, 2006). In the 
discussion that follows, unless a specific type of issue is addressed, such as 
errors in the sense of Ashlock, the term mis-understanding(s) will be used as 
the generic term for the range of issues. 
Teacher knowledge of children’s common mis-understandings in mathematics 
has been used as a way of developing targetted, or diagnostic, teaching, and 
perhaps the best known example of this is Cognitively Guided Instruction (CGI), 
a programme based on cognitive science research into children’s mathematical 
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understandings, including their errors (Carpenter & Fennema, 1988, p. 290; 
Carpenter, Fennema, & Franke, 1996; Fennema et al., 1996; Fennema & 
Franke, 1992). According to Fennema and her colleagues, teachers who act 
according to CGI principles are willing, and able, to make instructional decisions 
that are appropriate to the mathematical needs of their children (Fennema, 
1996).  
The key point is that those teachers who know about the mis-understandings 
that children typically possess, are able to build upon this knowledge in their 
instructional practices (Vacc & Bright, 1999) and further, ‘they make more use 
of [the diagnostic information] than of simple, norm-referenced information’ 
(Kellaghan, Madaus, & Airasian, 1982, p. 250). Using knowledge of students’ 
mis-understandings in this way has a striking resemblance to the modus 
operandi of Japanese teachers who deliberately select educational tasks that 
elicit student mis-understandings in order to reveal student thinking (see, for 
example, Stigler, Gonzales, Kawanake, Knoll, & Serrano, 1999; Stigler & 
Hiebert, 1997).  
It is easy to understand how, in the bustle of the classroom, a child’s problem 
could be overlooked by a teacher, unfamiliar with the type of information 
provided to CGI and Japanese teachers. This being said, there is no reason for 
students’ problems to be over-looked, or unexplored, by standardized 
assessment instruments and large-scale assessment programmes (both state-
wide, national, and international) that, in Linn’s (1992) words, ‘purport to provide 
quite detailed information about student strengths and weaknesses’ (p. 3). 
However, current practice is, as Forster illustrates (2001), to show aggregated 
data from a sub-group of the cohort assessed, or provide a list of which test 
questions were answered correctly or incorrectly. Providing information to 
improve learning in these cases, Forster notes, is restricted to information for 
either large-scale programme changes or changes to resourcing.  
The reality is, however, that the utility and public validity of educational 
assessment depends on the way in which the results are reported, and how well 
these reports convey clear, unambiguous information to all audiences, including 
teachers, parents and students, as well as policy-makers. 
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The purpose of the study 
This study describes a method for producing a valid, statistically defensible, 
integrated scale that reports both summative (achievement score) and formative 
(diagnostic) information about students at the same time, on the same scale, in 
a coherent and practicable manner. As the National Council of Mathematics 
Teachers (1995) states ‘[a]ssessment is a process of gathering evidence and of 
making inferences from that evidence for various purposes’ (p. 19), and this 
study proposes to examine ways in which these two purposes might be 
achieved using the same evidence. 
In other words, the purpose of this study is to examine the question of whether 
or not children’s particular understandings (and mis-understandings) of school 
mathematics can be described and linked to their achievement via the agency 
of standardized achievement assessments. It is suggested that this would 
provide answers to questions such as: Based on their achievement scores, 
which students are likely to use particular less efficient strategies, make 
particular errors, or have particular less sophisticated understandings?; and, 
What are the persistent problems in mathematics for students? 
The use of standardized achievement tests for assessing students’ 
mathematical development is well known, and, as is outlined later, appears to 
be increasing its dominance in both national and international large-scale 
assessment programmes. The majority of these tests are summative in nature 
and many use multiple-choice as their response format, a fact that their critics 
claim, leaves students’ understanding in limbo, as I believe, was Alice’s (see, 
for example, Kohn, 2000). 
Bloom and his colleagues suggest that ‘perhaps level of generalization is the 
factor which differentiates summative from formative evaluations most sharply’ 
(Bloom, Hastings, & Madaus, 1971, p. 62) as formative assessment has a focus 
on the student’s knowledge of the underlying pre-requisites for further 
development in a subject, while summative assessment has a focus on the 
student’s ability to use what they have learnt of the subject. Thus, for the 
purpose of this discussion, summative assessment is equated with the 
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assessment of achievement and formative assessment is equated with 
diagnostic assessment. Mathematics educators, among others, have been 
provoked to call for this type of assessment to be replaced with alternatives that 
they claim provide information that is of value for improving teaching and 
learning. The characteristics of formative assessment is seen as a key to 
improving assessment, and they question why the two forms of assessment 
(summative and formative) cannot be reconciled. Harlen and James (1997), for 
example, argue that:  
there is a need to recognise in theory and in practice the differences 
in function and characteristics between formative and summative 
assessment and to find a way of relating them together that 
preserves their different functions. (p. 366) 
However, rarely, to date, have the summative and formative aspects of 
students’ learning been measured and described simultaneously, or located on 
the same scale of development, leaving diagnosis of students’ mis-
understandings hidden behind the description of achievement.  
This study investigates strategies for integrating both the summative and 
formative aspects of Australian students’ mathematical development on the 
same scale, using data from standardized achievement assessment. If this 
relationship can be determined and refined, then knowing a student’s 
achievement score should provide a valid and reliable indication of what mis-
understandings the student is most likely to have displayed on the assessment. 
This would indicate the student’s mathematical development and also provide 
information that would also expose those mis-understandings that are 
persistent, that is, those mis-understandings made by students across a range 
of scores. 
A single scale that reports both achievement and diagnostic information can be 
thought of as a ‘common’ or ‘integrated’ scale, and the critical points in the 
creation of such a scale are the linking of student achievement to student mis-
understandings, and describing these mis-understandings coherently. Thus, to 
establish the feasibility of constructing a common scale, as that described 
above, the following questions need answering: 
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• What statistically valid and reliable methods are there for scaling 
student summative data? 
• What statistically valid and reliable methods are there for scaling 
student formative data?  
• Can a common scale for reporting both be developed? and 
• What interpretations can be given to the resulting common scale? 
This study compares methods for analyzing, and more importantly, reporting 
both summative and formative assessment of students’ mathematics on a 
common scale. This comparison provides both information about these 
methods in order to identify those that use all the evidence ‘revealed by the 
learner’s responses’ and places it into an ‘interpretative framework [that can be] 
used by both teachers and learners’ (Black & Wiliam, 1998, p. 59). 
An example 
The hypothetical report shown in Figure 1-3, is a report for a mathematics 
assessment, with both the summative (achievement) and formative (diagnostic) 
information on it. Students’ names and score positions have been added to the 
scale for clarity of explanation only. 
To the left-hand side of the summative (achievement) scale (0 to 100 in this 
example) the scores of three students are indicated: Con has a score of 75, 
Prue 45, and Bill 20. These scores are expressed in terms of the number of 
questions answered correctly; that is, the students’ raw scores.  
The first formative element, on the extreme right, is a set of description of mis-
understandings of the students who were assessed (that is, not only Con, Prue 
and Bill, but all the students assessed). 
The interpretation of this report for Con, Prue, and Bill is that: 
• all three students are likely to have the mis-understanding ‘Longer 
decimal is larger’; 
• Prue and Bill are likely to ‘Confuse perimeter and area’; and 
• Bill, alone, is likely to ‘Subtract smaller digit from larger’. 
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In general the interpretation is that students with scores that lie between  
• 0 and 80 are likely to have the mis-understanding ‘Longer decimal 
is larger’;  
• 0 and 50 are likely to have the mis-understanding ‘Confuse 
perimeter and area’; and 
• 0 and 20 are likely to ‘Subtract smaller digit from larger’.  
Figure 1.3: An hypothetical report with summative and formative information 
on the same scale 
While this depiction of an improved reporting format is very crude, the basic 
elements are present. These elements are that: 
• summative and formative information are presented; 
• summative and formative information are on the same scale; 
• the score range of students likely to have the mis-understanding is 
shown; 
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• the persistence, across scores, of the mis-understanding is 
shown; and 
• both individual and group information is presented on the same 
report. 
This research intends to explore the construction of a scale, with these 
characteristics, and that informs these purposes. 
Summary 
The impetus for this study comes from a serendipitous event: a straw in the 
wind. While Alice is now well past the time when one could help her, the value 
of formative assessment has not diminished. As systems lean more towards 
large-scale assessment programmes for monitoring the ‘health’ of their 
enterprise, or seek to stimulate more effective pedagogical practices, or desire 
accountability measures, it seems un-arguable that the time, expertise, and 
effort put into such assessments should not be summative only, but need to be 
formative also. This formative information, if put into the hands of teachers, 
children, and parents, may provide a basis for effective teaching and learning 
for all children. Thus, whether the current techniques for scaling achievement 
data can be harnessed to serve both summative and formative ends is the goal 
of the study described here.  
It is suggested that a review of current practice should provide a sharpened 
focus for answers to the first two of the research questions. That is, What 
statistically valid and reliable methods are there for scaling student summative 
data? and, What statistically valid and reliable methods are there for scaling 
student formative data? On the other hand, the answer to the third question 
(Can a common scale for reporting both be developed?), is not obvious, and will 
require, at least, an investigation of currently available statistical techniques. 
Finally, the goal of creating useful interpretations of the common scale (What 
interpretations can be given to the resulting common scale?), if it is possible to 
produce, demands a creative and integrated use of the answers to all of the 
preceding questions. 
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All of which will enable the answer to whether the major goal of this study is 
achievable. That is, whether there is a practicable strategy that integrates both 
the summative and formative aspects of students’ mathematical development 
based on data from standardized achievement assessments. If this can be 
achieved, then knowing a student’s achievement score would provide a valid 
and reliable indication of what understandings and mis-understandings a 
student is most likely to have. 
As to the plight of Alice, the successful outcome of this study would not have 
helped her. Her plight was such that no standardized assessment would have 
uncovered it. However, an observant and reflective teacher was, and is, an 
efficient and effective ‘form of assessment’. 
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Chapter 2 
Assessment and reporting in mathematics 
Assessment in mathematics has many purposes and 
comes in a range of forms, from individual and classroom 
assessment to large-scale international studies An 
examination of the assessment literature highlights that 
within this range there is a wealth of information on 
students’ achievement, but little formative information. 
Suggestions are made about possible directions for 
research and practice, particularly in ways of combining 
summative and formative information. 
Current assessment practices 
Australian students’ achievements and understandings are aspects of 
development in school mathematics that are the focus of individual 
standardized assessment instruments, system monitoring and international 
comparative programmes. While the method of the data collection, analysis and 
reporting may differ at each occasion, assessment programmes ‘are designed 
to investigate and monitor the ‘health’ of an education system and to improve 
student learning’ (Forster, 2001, p. 3) (emphasis added). Thus, an examination 
of a range of Australian assessment instruments and programmes, and an over-
view of the mathematical achievements and understandings of Australian 
students that they reveal, can establish to what extent current assessment 
practices do provide information that does improve student learning. 
Standardized assessment instruments 
Standardized assessment instruments (also known as ‘off-the-shelf tests’) play 
a large part in the assessment of students’ achievements and understandings in 
school mathematics, and are in the main summative, in that they report how 
much of a topic a student knows and understands. The term ‘standardized’, in 
this context, refers to the administration of the instrument, the scoring of student 
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responses, and the interpretation of these results, and does not imply a 
particular format in the item presentation.  
These assessment instruments endeavour to provide information in a way that 
assists interpretation of an individual’s or group’s results. A common form of 
presentation is that of providing norms, which may be of several types, but 
‘nearly all standardized tests provide within-group norms. With such norms, the 
individual’s performance is evaluated in terms of the performance of the most 
nearly comparable standardization group’ (Anastasi, 1990, p. 81). Two 
examples of summative assessment from the Australian context, illustrate this 
definition: the Progressive Achievement Tests in Mathematics–Revised 
(PATMaths–R) (Australian Council for Educational Research, 1998) and I can 
do maths (Doig & de Lemos, 2000). In addition, each of these examples also 
includes a ’report’ that offers diagnostic information on the performance of 
individual students. 
The PATMaths–R series is a well-known example of standardized tests of 
mathematical achievement for students in Year 3 through to Year 8. 
PATMaths–R provides scaled scores, percentile rankings and stanines, and 
group norms based on year levels and test form. The PATMaths–R manual also 
describes the individual student report that, inter alia, depicts the student’s 
correct, or incorrect response, to each question (PATMaths–R Teacher’s 
Manual, p. 10). This report is formative, or diagnostic, insofar as it focusses 
attention on those items that have been answered incorrectly. As the 
PATMaths–R scales have been constructed using a Rasch analysis developed 
by Rasch (1960), the likelihood of an item being answered correctly, or 
incorrectly, by a student with a particular test score is predictable. This 
highlights items that are expected to be answered correctly by the student, but 
in fact, have been answered incorrectly. Such situations are termed 
‘unexpected’ and these items indicate aspects of the student’s mathematical 
knowledge that should be investigated further.  
At a different level of schooling, I can do maths (Doig & de Lemos, 2000) 
assesses very young children’s mathematical learning. Designed for children in 
the year before school and the first two years of school, I can do maths has 
  12 
year-level norms within an individual profile. This profile is a graphical display 
relating a student’s score to normative distributions of a large number (> 3000) 
of Australian students at three year-levels. As well as the normative information, 
I can do maths also provides a formative, or diagnostic, report where, through 
the agency of a Rasch analysis, a student’s responses can be assessed as 
expected or unexpected (Doig & de Lemos, 2000, pp. 16-18) in the same 
manner as the PATMath–R series 
The information for improving learning (that is, the formative or diagnostic 
information) in these two examples relies on a Rasch analysis of item 
responses from the normative sample used to develop the instruments. While 
this form of test analysis is becoming increasingly more common, it is not as yet 
universal. Assessment instruments analyzed with traditional, non-Rasch, 
techniques, however, do not offer formative information linked to overall test 
performance (that is, the summative information). 
Educational system information 
Over the last two decades education systems in Australia have commenced 
either random sample or whole cohort assessment in mathematics at a range of 
school year levels (Doig, 1990, 2001). These system-level assessment 
programmes provide a picture of student achievements in mathematics, and in 
some cases attempt to provide formative information. The use of trend data at a 
system level and the performance of sub-groups (such as Indigenous students) 
suggest a diagnostic perspective in these programmes, albeit a broad one.  
In 1988 the Victorian Ministry of Education commissioned a study of the literacy 
and mathematics achievements of Victorian 10- and 14-year-old students 
(McGaw, Long, Morgan, & Rosier, 1989). As part of this study links were made 
to similar studies, the Australian Studies in School Performance, conducted in 
1975 and 1980. Results reported on performances in the three studies showed 
that between 1975 and 1988 10-year-olds maintained their level of 
achievement. On the other hand, the 14-year-olds had made a significant 
improvement in achievement between 1975 and 1980, but had declined in 1988 
towards the 1975 level. Information that could be construed as formative, that 
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is, for improving learning, was not provided by this study which focused only on 
student achievement. 
The report on the 1996 assessment of mathematics achievement at Years 3, 7 
and 10 in the Western Australia Monitoring Standards in Education (MSE) 
programme (van Wyke, 1998) showed that overall there was a small 
improvement in the achievement of students in 1996 from those in 1992, but 
this difference was not of practical significance, whereas ‘the performance of 
indigenous students … at each year level was almost a full outcome level lower 
than the performance of the rest of the population’ (van Wyke, 1998, p. 6). In 
this report, summative and trend information is reported in great detail, but there 
is no formative information provided. 
Detailed examinations of sub-group results from the New South Wales Basic 
Skills Testing Program showed that females performed slightly better than 
males in ‘Number’ at Years 3 and 6, at about the same level in ‘Measurement’ 
but slightly lower in ‘Space’ (Barnes, 1997; Doig & Lokan, 1997; Masters et al., 
1990). These sub-group results provide information that is valuable for system 
monitoring, but do not indicate strategies that might be of use for improving 
learning for individual students.  
The Queensland report on state-wide performance of students in 1995, 1996 
and 1997 (Queensland School Curriculum Council, 1998) showed increases in 
mean results for the aspects of mathematics assessed (Number, Measurement 
and Space) from 1995 to 1996, but a generally smaller increase, or even a 
decrease, from 1996 to 1997. Results for sub-groups of students followed a 
similar pattern except for indigenous students whose result in Measurement did 
not increase from 1995 to 1996, and that the performance of indigenous 
students was ‘more than extremely below’ that of the rest of the population’ 
(Queensland School Curriculum Council, 1998, p. 18). Again, as in other states, 
sub-group results provide information that may be valuable for system 
monitoring.  
The Longitudinal Studies of Australian Youth (LSAY) provided linked 
assessments of mathematics achievement over a period of more than 20 years 
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for national samples of Australian 14-year-olds (Australian Council for 
Educational Research, 2002). The tests consist of mostly multiple-choice items 
and items are classified as ‘computational’, ‘practical’ (relating to everyday 
contexts) or ‘conceptual’. Random samples of students were tested first in 
1975, and mean scores showed no overall change in performance between 
1975 and 1995. However there was a small improvement over that time interval 
in the percentage of students attaining mastery, and a small decline noted on 
computational items. No consistent change was evident on the practical items 
and there was a slight improvement on conceptual items (Marks & Ainley, 
1997). 
Reports of these large-scale programs are primarily focused on average 
achievement, trends over time, or the performance of sub-groups of students, 
while information on individual students is less frequently provided. However, 
Forster (2001) in her review of system-wide assessment programs, provides 
examples of individual reports from system-wide assessment programs, where 
the individual student’s correct responses (to assessment questions) are 
recorded, as well as a comparison of the individual’s achievement with the 
remainder of the cohort assessed (Forster, 2001, pp 19-31). 
Whether information about those items that were answered incorrectly by a 
student is sufficient information to effect an improvement in learning is open to 
debate, but at the very least it offers an opportunity for some action by a 
teacher. 
International comparative studies 
In addition to system-level assessment information, Australia has access to 
national data from its involvement in several international comparative studies. 
These studies provide not only Australian results, but also Australian results 
ranked against those of other members of the international community. As with 
system-level assessment, the emphasis in these studies is upon achievement, 
but also trend and broad, content-related results are reported. 
The International Association for the Evaluation of Educational Achievement 
(IEA) has conducted international studies in education since 1959. (see, for 
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example, Degenhart, 1990). The first IEA Mathematics Study (FIMS) was 
conducted in 1964. In Australia, this study only involved government schools in 
New South Wales, Victoria, Queensland, Western Australia and Tasmania. The 
number of students involved was 4320. In the Second IEA Mathematics Study 
(SIMS), conducted in 1978, non-government schools, the Australian Capital 
Territory and South Australia were also involved. The number of students 
involved was 5120. The Third IEA Mathematics and Science Study (TIMSS), 
conducted in 1995-1996, included over 20 000 government and non-
government students in all states and territories, and subsequent IEA studies 
have maintained this level of participation. 
Rosier (1980) studied the changes in achievement occurring between the FIMS 
(1964) and SIMS (1978) for the 13-year-old and Year 12 cohorts. He reported, 
inter alia, that there had been a slight decline in the mathematical achievement 
of 13-year-olds (except in Western Australia) but not in the area of 
computational skills. Although the two IEA studies were at secondary level, 
Rosier argues that reasons for the observed decline in secondary achievement 
in some states, between 1964 and 1978, should be sought in the primary school 
years. 
The Third International Mathematics and Science Study (TIMSS), which was 
the most comprehensive international study of mathematics learning ever 
undertaken, was at three population levels: 9-year-olds, 13-year-olds and 
students in Year 12, and randomly sampled schools and students from all 
States and Territories and all education sectors took part. Australia’s 
comparative results in mathematics in TIMSS were creditable, being, for 
example, the highest-ranking English-speaking country (see also, Beaton et al., 
1996; Mullis et al., 1997, 1998). More recent IEA studies, designated Trends in 
International Mathematics and Science Studies (TIMSS), completed in 2003, 
2007, and 2009, show that, in general, Australian students have maintained 
their levels of achievement (Thomson & De Bortoli, 2008; Thomson, Wernert, 
Underwood, & Nicholas, 2008) although not their international ranking. 
Apart from overall achievement, some more detailed formative information was 
also gleaned from the Australian TIMSS results. Examples of these diagnostic 
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findings, taken from the three Australian TIMSS reports (Lokan, Ford, & 
Greenwood, 1996, 1997; Lokan & Greenwood, 1998) are: 
• the relatively poor performance of the primary age students in 
‘whole numbers’, suggesting a lack of computation skills that was 
borne out by an examination of performance on individual items 
(see, also, Stacey, 1997); 
• the improvement in relative performance on ‘geometry’ between 
the 9-year-old sample and the 13-year-old sample; 
• that the 9-year-old sample scored relatively better in ‘geometry’ 
and relatively worse in ‘whole numbers’ and ‘fractions’ than in 
‘measurement, estimation and number sense’, ‘patterns, relations 
and functions’ and ‘data representation and analysis’; and 
• the 13-year-old sample scored relatively better in ‘fractions and 
number sense’ and ‘measurement’ and relatively worse in 
‘geometry’ than it did in the two other areas. 
In 1998, a cohort of 13-year-old students, who were the age 9 cohort in the 
TIMSS, made longitudinal comparisons possible through the project known as 
TIMSS-R (Mullis et al., 2000). The results of TIMSS-R show that Australian 
students had maintained the high performance standards of TIMSS, with small 
increases in achievement in all areas. Australian average achievement in 
mathematics was significantly higher than the international average in fractions, 
number sense and proportionality; measurement; data representation, analysis 
and probability; and algebra but not significantly different from the international 
average in geometry. Thus, the IEA studies have continued to provide both 
summative and some formative information, with the Australian-published 
reports providing further formative detail at a whole cohort level. 
In 2000 the Organisation for Economic Co-operation and Development (OECD) 
Programme for International Student Assessment (PISA) assessed Australian 
fifteen-year-olds from over 360 secondary schools as part of a survey on 
students’ preparedness for adult life. In order to do this, PISA defined 
‘mathematical literacy’ as 
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The capacity to identify, to understand, and to engage in 
mathematics and make well-founded judgements about the role that 
mathematics plays, as needed for an individual’s current and future 
private life, occupational life, social life with peers and relatives, and 
life as a constructive, concerned, and reflective citizen.  
(Organisation for Economic Co-operation and Development, 2000, 
p. 10) 
An indication of the focus of the PISA survey is obtained from the content 
categories used in the PISA assessment materials for mathematical literacy. 
These categories include: mathematical thinking; mathematical argumentation; 
mathematical modelling; problem solving and posing; representation; 
communication; decoding and interpretation of formal language; solving 
equations; and knowing about and being able to use a variety of aids and tools 
to assist mathematical activity.  
The results of the PISA study showed that Australian students were among the 
highest achieving students in mathematics, with Japanese students being the 
only ones who clearly out-performed them. In a more detailed analysis the 
report records that Australian students had ‘more success with items on 
statistics and functions than they did with algebra and measurement items’ 
(Organisation for Economic Co-operation and Development, 2000, p. 204), and 
that ‘no significant gender [sic] difference was found … in mean scores [in] 
mathematical literacy’ (p. 205). 
Although the Australian PISA report (Lokan, Greenwood, & Cresswell, 2001) 
provides examples of PISA items, the authors restrict their comments on 
student performance, in part, because of the small number of mathematics 
items used in the PISA study, to the full cohort or sub-groups of it (for example, 
that ‘the best five percent achieved 679 points or more [on the PISA scale]’ 
(p. 95). 
The results of the 2003 PISA (as well as TIMSS-2003, mentioned previously) 
show that while Australian students’ maintained their level of performance per 
se in mathematics, there was an apparent decline in performance, as students 
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in some other countries had improved (Thomson, Cresswell, & De Bortoli, 
2004), a trend that has continued in TIMSS (Thomson, et al., 2008) but not in 
PISA, where ‘mathematical literacy performance has remained relatively stable 
between PISA 2003 and PISA 2006 for … Australia’ (Thomson & De Bortoli, 
2008).The results of the TIMSS Video Study (Hollingsworth, Lokan, & McCrae, 
2003) suggest that there were problems in the teaching of junior secondary 
mathematics that may be the cause of this. Although these results are of 
concern to Australian teachers, parents and students, reporting of formative 
information has been limited to statements similar to those above, with little to 
assist teachers in their endeavour to improve matters. 
It can be seen from this brief overview of Australian and international studies, 
that while the mathematical achievements of Australian students are well 
documented at the cohort, or sub-group, level, more detailed analyses of 
individual student data is less often under-taken or reported. Essentially little 
attempt has been made to provide information that could assist to improve 
learning or teaching at the individual student or classroom level. 
Problems with current practice 
The evidence from current Australian practices, presented above, shows clearly 
that these practices do not reflect the claim by Black and Wiliam (1998) that  
One of the outstanding features of studies of assessment in recent 
years has been the shift in focus of attention, towards greater interest 
in the interactions between assessment and classroom learning and 
away from concentration on the properties of restricted forms of test 
which are only weakly linked to the learning experiences of students. 
The shift has been coupled with many expressions of hope that 
improvement in classroom assessment will make a strong 
contribution to the improvement of learning (p. 7). 
Forster (2001) too, claims that large-scale programmes are 'designed to 
investigate and monitor the ‘health’ of an education system and to improve 
student learning by providing information to stakeholders at different levels of 
the system’ (p. 3), and that there is evidence of an increased interest in how 
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such large-scale assessment programs can contribute to reform of the system, 
and even reform at the classroom level. This echoes Atkin and Black’s (1997) 
view that, although not common, providing diagnostic feedback in large-scale 
assessments is to be desired. 
However, notwithstanding these claims, the evidence generally shows that 
reporting of the results of large-scale and system-wide assessment 
programmes is at a macro level and is mainly summative in nature. Further, 
when reporting at the classroom level exists, as clearly demonstrated by 
Masters and Forster (1996a, 1996b), these reports are often extremely detailed 
(for example, responses to every item given by every individual student) so that 
teachers may well be over-whelmed and thus treat the information superficially, 
or indeed, ignore it altogether (see in particular, Forster, 2001, p. 19).  
As described above, standardized assessment instruments and large-scale 
assessment programs (both state-wide and international) provide reports that, 
at best, provide trend information, describe sub-group performance, or identify 
individual student incorrect answers to test items. Despite claims that these 
practices inform teaching and learning (Linn, 1992) these practices fail the test, 
put by Denvir and Brown (1987), that  
[I]n order to make diagnostic assessments, and link these to carefully 
planned teaching, three aspects of learning need to be considered: 
what the child knows; how this relates to a framework of knowledge; 
and how children learn (p. 95). 
On the other hand, a shift in the focus of assessment is discernable in the 
assessment practices of teachers in classrooms. An example of an assessment 
strategy designed to improve learning, which follows Denvir and Brown’s three 
precepts, is the Count Me in Too programme in New South Wales. The Count 
Me In Too programme is based on the research and practices of Wright (1991) 
and Steffe and his colleagues (1988) and is adapted from the Mathematics 
Recovery Programme (Wright, 1999). Teachers participate in professional 
development to learn about the counting stages defined by Steffe, they view 
video-clips in which the counting stages are explicated and teaching strategies 
implemented. After training, teachers explore their own students’ placement 
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within the sequence of counting stages, through observation and clinical 
interviews, and implement appropriate classroom strategies.  
While the advantages of individualized, clinical, or diagnostic, interviews are 
obvious (see, for example, Gibson, Doig, & Hunting, 1993) their disadvantages 
are not so clear. There are two significant problems associated with the use of 
diagnostic interviews in the classroom. The first, and most obvious, problem for 
classroom use of such techniques is the time necessary to devote to the actual 
interview. Even the interviewing of several students is time-consuming and the 
interviewing of a whole class is usually out of the question. This necessitates 
some other means to pinpoint those students who are most ‘at risk’ (in Hunting 
and Doig’s (1995) terms) since initial screening assessment is most likely to be 
a standardized assessment instrument that may well be achievement focussed, 
with little diagnostic intent or value.  
As Doig and Hunting (1995) argue, a second, more critical problem with 
diagnostic interview tools is that of interpretation. In the case of the Count Me In 
Too, and similar programmes based on the work of Wright (1999), teachers 
need to be trained in order to interpret interviewees’ responses with respect to 
an underlying cognitive framework developed earlier by Wright (1994). 
However, the requisite training is time-consuming and difficult for education 
systems with limited resources to deliver. 
The need for change in assessment practices 
Mathematics educators, among others, have been provoked to call for 
summative assessment to be replaced with alternatives that, they claim, provide 
information that is of value for improving teaching and learning. Wiliam (2001) 
for example, claims that there is conclusive research evidence to show that 
formative assessment can improve learning, a view supported by Black et al. 
(2002). In a reply to the question of whether formative assessment is 
efficacious, they state that ‘the answer was an unequivocal yes, a conclusion 
based on a review, by Black and Wiliam (1998) of evidence in over 250 articles 
by researchers from several countries’ (p. 1). 
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Notwithstanding the advantages of diagnostic interviews, the problems of time, 
the need for a prior screening assessment, and the development of teachers’ 
interpretative skills, would suggest that the use of diagnostic information, from 
either standardized assessment instruments or large-scale system assessment 
programs, would be efficient. However, what is missing from these traditional 
forms of assessment, is precisely where Black and William (1998) suggest 
research is needed; that is, research is needed on: 
• the precise nature of the various types of assessment 
evidence revealed by the learner’s responses [and] 
• the interpretative framework used by both teachers and 
learners in responding to this evidence (p. 59). 
While current assessment practices, whether interview, observation of students, 
standardized instruments, or system-wide programmes, are found wanting with 
respect to these two points, there is also a consequential need to research and 
develop new forms of interpretation and reporting of assessment evidence. As 
Marshall (1990) states, in her canvassing of the issues in diagnostic 
assessment, 
For the purposes of cognitive diagnosis, traditional measures of item 
difficulty and person ability are not directly useful. We are interested 
in identifying which of the individual’s skills are strong, missing, or 
misguided rather than in classifying a person as a good, bad, or 
mediocre problem solver. Therefore, the first objective here must be 
to suggest alternative measures of item and person characteristics. 
(p. 437). 
Further, she concludes that, ‘there is a need for better items that have fixed-
format responses, such as those used on standardized assessment tests … 
[and] …We need to explore the use of free-response items in diagnostic tests’ 
(p. 450). 
Nearly a decade later, Biggs (1998) was to repeat Marshall’s plea when he said 
that ‘[C]lassical psychometrics ha[s] been directed towards problems of 
selection, whereas the present need is to use assessments to guide learning’ 
(p. 108) and then takes this further when he claims that they [classical test 
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analysts] use a ‘technology based on the stability of traits, and their normal 
distribution in the population … even if [they] call that point a “mark”, or the 
continuum a “percentage scale” …’ (p. 109).  
Linn (1992) has asserted that while the stated major purpose of assessment, in 
the USA at least, ‘is to provide information that can be used in improving 
learning and instruction’ (p. 3) but that although: 
several standardized achievement tests are labelled “diagnostic” and 
purport to provide quite detailed information about student strengths 
and weaknesses … the presumed diagnostic and prescriptive value 
of such information rests largely on intuition … [nor] is there much 
evidence that teachers find the information … particularly useful for 
guiding their instruction (p. 3). 
Elements of formative assessments 
Linn’s (1992) claims about the lack of educational impact of large-scale 
assessment programmes, particularly at the classroom level, suggests that for 
large-scale assessment to inform teaching, and therefore improve learning, 
there is a requirement that reports from large-scale assessment should conform 
to the key elements of diagnostic assessment suggested by Delandshere 
(1985) and McArthur and Choppin (1984) (cited in Adams, 1988; cited in 
Jordan, Kaplan, Locuniak, & Ramineni, 2007). 
• descriptions of students’ status in the domain; 
• an interpretative framework for these descriptions; 
• an understanding of identified problems; and  
• directions for future actions. 
Thus, large-scale studies that put their reports differently, as in O’Connor’s 
(1992) phrase, ‘accounting for errors’ (italics in the original) (p. 20), rather than 
simply counting errors, and use good diagnostic items, where diagnostic is 
defined as a form of assessment that ‘elicits the most information possible in a 
restricted amount of testing time’ (Marshall, 1990, p. 346), would be a step in 
the right direction.  
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Black (1999) describes the purposes of assessment as either summative or 
formative, where summative assessment ‘serves to inform an overall judgement 
of achievement … [while] … formative assessment is concerned with the short 
term collection and use of evidence for the guidance of learning’ (p. 118), 
agreeing with Wiliam, (2001), who echoes Adams when he suggests that 
‘formative assessments can be thought of as being prospective. They must 
contain within themselves a recipe for future action. (p. 178) (author’s italics). 
The difference between summative and formative assessments, however, is not 
always clear; as Black and Wiliam (1998) point out: 
The lack of clarity about the formative/summative distinction is more 
or less evident in much of the literature. Examples can be found in 
the flourish of articles and books, notably in the USA, about 
performance assessment, authentic assessment, portfolio 
assessment and so on … [and] … What is often missing is a clear 
indication as to whether the innovation is meant to serve the short-
term purpose of improvement of learning, or the long-term purpose of 
providing a more valid form of summative assessment, or both 
(p. 54). 
Deriving formative assessment from summative assessment 
There is evidence that despite the summative nature of large-scale assessment 
programmes, formative information, that would have an impact at the classroom 
level, can be extracted. Examples of such possibilities can be found in recent 
practice in several countries. These examples are presented below in order of 
their ‘distance’ from the classroom, where distance is conceived as usefulness 
for student learning. I start with those that are the most general and non-
prescriptive, and close with those current possibilities that focus on specific 
teacher actions. 
In the back-ground 
The back-ground examples are at such a distance from the classroom that the 
formative information derived is likely to have little impact on classroom practice 
or students’ learning. Since the intention of the instigators of these large-scale 
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programmes was to provide summative information rather than formative, it is 
not surprising that this is the case. However, some formative information can be 
found. 
The first example, of using data from a global assessment at the local level, is 
scale anchoring. Scale anchoring was used to re-analyse the data from the 
Third International Mathematics and Science Study (TIMSS) conducted by the 
International Association for the Evaluation of Educational Achievement (IEA) in 
1994-1995. At the time, it was the largest international comparative educational 
study ever conducted, with some 41 countries involved. The TIMSS surveyed 
students at three levels: 9-year-olds, 14-year-olds, and students in their final 
year of school. It is the first two populations surveyed that are of interest here.  
The TIMSS assessment examined three levels of curriculum: (1) the 
mathematics students are expected to learn (the intended curriculum); (2) the 
mathematics actually taught to students (the implemented curriculum); and (3) 
the mathematics learnt by students (the achieved curriculum). School systems, 
teachers, and students, were surveyed as part of the data gathering process. 
The findings from the analyses of this large amount of data, on both 
achievement and background, have been described in a number of reports, 
both international and national. The majority of these reports are encyclopaedic 
in nature (for examples see, Beaton, et al., 1996; Mullis, et al., 1997), although 
national reports endeavour to be more specific (Lokan, et al., 1996, 1997).  
As Kelly (1999) states ‘the full potential of TIMSS for answering the question 
‘What have students learned in mathematics and science?’ has not yet been 
realized’ (p. 3). Kelly describes the application of scale anchoring to the Third 
International Mathematics and Science Study (TIMSS) data, and defines scale 
anchoring as ‘a way of attaching meaning to a scale by describing what 
students know and can do at different points on the scale … [and] this analysis 
provides more in-depth information … than previously reported by TIMSS’ 
(p. 3). Thus, it was thought, TIMSS would have an impact at the level of the 
classroom, and scale anchoring ‘would improve the utility of the TIMSS 
achievement results’ (Kelly, 1999, p. 17). While the scale anchoring technique 
has been used since the 1980s by the National Assessment of Educational 
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Progress (NAEP) in the United States (Kelly, 1999, 2002b), its application to a 
large international study, such as TIMSS, was an innovation in reporting. 
The achievement items used by the TIMSS were in multiple-choice response 
format (about three-quarters of the items), short-answer format (about one 
quarter of the items), and the remainder, requiring written explanations, in 
extended response format. The items covered a range of mathematics topics at 
each of the two population levels. At Population 1 (9-year-olds) the 113 items 
covered: whole numbers; fractions and proportionality; measurement, 
estimation, and number sense; data representation, analysis, and probability; 
geometry; and algebra. At Population 2 (14-year-olds) the 162 items covered: 
fractions and number sense; proportionality; measurement; data representation, 
analysis, and probability; geometry; and algebra. 
Although the students in the study answered a selection of the items rather than 
the entire set, a core of items was attempted by all students within a cohort, and 
common items spanned the items administered to Populations 1 and 2. In this 
way student response datasets were linked and estimates made of 
achievement across all students using Rasch methods, and reporting scales for 
student achievement and item difficulty created (for details of the analysis, see 
Adams, Wu, & Macaskill, 1997). 
Scale anchoring is a technique that describes likely ability for any given score, 
or range of scores, on a Rasch scale. In order to create a scale anchoring, 
several points on a scale are selected, and items that are at that point of the 
scale are identified and described. Thus, by an extension of simple Rasch item 
mapping, the (TIMSS) scale has become what Bock and his colleagues termed 
‘content referenced’ (Bock, Mislevy, & Woodson, 1982). In the TIMSS scale 
anchoring procedure, Kelly reports that the TIMSS scales were ‘analyzed at four 
scale points corresponding to the 25th, 50th, 75th, and 90th international 
percentiles for fourth and eighth grades’ (p. 52).  
Items, that students near these four points had a high probability of answering 
correctly, were provided to mathematics education experts. These experts then 
described what understandings and skills students needed to answer these 
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items correctly. Finally, as students do not have necessarily the exact anchor 
point scale score, the range of student scores around an anchor point were 
established, so that limits to the scale anchor interval, and thus the items within 
it, could be established. It was decided to use a range of plus and minus 5 scale 
points as the interval. This provides a reasonably homogeneous group of 
students who had correctly answered the anchor items, while at the same time, 
limiting the selection of anchor items to those likely to be answered correctly by 
the students within the anchor interval, but not likely to be answered correctly by 
those outside this interval.  
For example, at the 75th percentile, an item anchors if ‘at least 65 per cent of 
students scoring in the [anchor interval] answer the item correctly, and less than 
50 per cent of students at the 50th percentile answer the item correctly’ (Kelly, 
1999, p. 60). An example of an item anchoring at the 75th percentile is shown 
below in Figure 2.1. 
Figure 2.1: Example scale anchor item from Population 2. 
(After Kelly, 1999, p. 62) 
Item Find x if 10x – 15 = 5x + 20 
Anchor point 25
th 
percentile 
50th 
percentile 
75th 
percentile 
90th 
percentile 
Percent correct 15 42 73 84 
 
A description of this item, and others within the same range, will describe only 
the understandings and skills of the particular group of students at the 
nominated scale anchor point. An edited version of the description of the 
understandings and skills of students at the 75th percentile given by Kelly (p. 98) 
is in Figure 2.2.  
Scale anchoring combines a wealth of data into a form understandable by 
teachers, parents, and students. This contrasts with other re-analyses of the 
TIMSS data with a focus on school system performance with respect to the 
international results. One such, conducted with a focus on the grade eight 
mathematics results in Missouri and Oregon, was reported in the same omnibus 
manner as the original TIMSS reports, and provide little formative information 
for teacher action (Martin, Beaton, Gonzalez, Kelly, & Smith, 1998).  
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However, the scale anchoring process reveals the development of student 
understandings and skills in mathematics if one looks at the differences in 
capabilities across percentile scale points. A description of what is possible for 
some students, as provided through scale anchoring, does provide some 
impetus and suggestions for action. As a developmental curriculum map, it 
provides information that is formative in a general way at the classroom level, 
although there are no specific directions for improving students’ capabilities. 
Figure 2.2: Scale anchor description at the 75th percentile 
(Adapted from Kelly, 1999, p. 98) 
The scale-anchoring strategy was used for describing the TIMSS 2003 
mathematics achievement scale, in order to ‘provide meaningful descriptions of 
what performance on the scale could mean in terms of the mathematics that 
students know and can do’ (Mullis, Martin, Gonzalez, & Chrostowski, 2004, p. 
Fractions 
Students at the 75th percentile demonstrate an increased facility with fractions and 
decimals through computations, ordering, rounding, and the use of use in word problems. 
They can solve word problems involving multiplication and division of whole numbers and 
fractions … 
Decimals 
Students can select the correct rounding of a number involving four decimal places, 
multiply a decimal expressed in thousandths by a decimal expressed in hundredths. They 
can divide in decimal settings  … 
Ratio 
Students at this level are able to identify the ratio expressing a given whole number 
comparison in a word problem, and solve multi-step word problems involving proportional 
reasoning with whole numbers. 
Measurement 
These students recognize that precision of measurement is related to the size of the unit 
of measurement. They can solve problems involving area and perimeter of rectangles, 
including problems that combine rectangles and triangles … 
Probability 
Students have an elementary understanding of probability, including independent events, 
and can solve simple problems involving the relationship between successful and 
unsuccessful outcomes. They can extrapolate a graph and read data from a frequency 
table. 
Geometry 
Students at this level use their knowledge of supplementary and overlapping angles to 
solve problems, know the properties of parallelograms and congruent triangles. They can 
locate points in the first quadrant of the Cartesian plane. 
Algebra 
Students can recognize the properties of operations on real numbers represented in 
symbolic form, and recognize that multiplication can be used to represent repeated 
addition. They can identify algebraic expressions corresponding to verbal descriptions, 
and substitute numbers for variables to find values of an expression. 
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55). Although the intentions of the scale anchoring authors has been achieved 
(a developmental map derived from TIMSS data) it is not clear that teachers 
would perceive its usefulness to their classrooms. As Mullis et al warn, ‘some 
students scoring below a benchmark [scale anchoring percentile point] may 
indeed know or understand some of the concepts that characterize a higher 
level’ (p. 60) raising questions about the use of such reports.  
Other researchers have questioned Scale Anchoring and its capacity to provide 
useful diagnostic information. Birenbaum, Tatsuoka and Xin (2005) claim that 
Scale Anchoring ‘benchmark descriptions must be interpreted under the 
assumption that performance on the TIMSS scale is cumulative (i.e., students 
reaching a particular benchmark are assumed to have acquired the knowledge 
and skills described on the lower benchmark) …[which] is also implied in the 
other assumption that performance is continuous’ (p. 168). 
The Performance Indicators of Student Performance (PISA) studies 
(Organisation for Economic Co-operation and Development, 1999) referred to 
earlier, define mathematics differently to TIMSS, and this difference is indicated 
in the content categories used in the PISA assessment materials for 
mathematical literacy. As described earlier, these categories include: 
mathematical thinking; mathematical argumentation; mathematical modelling; 
problem solving and posing; representation; communication; decoding and 
interpretation of formal language; solving equations; and knowing about and 
being able to use a variety of aids and tools to assist mathematical activity.  
However, despite the very different foci of the TIMSS and PISA studies 
(Organisation for Economic Co-operation and Development, 1999) the reports 
of the findings of the PISA study look very much alike (for examples, see Lokan, 
et al., 2001; Organisation for Economic Co-operation and Development, 2000). 
Student performances, in all three domains assessed, are meticulously reported 
in detail for all facets of the domain and for all participating countries. Like 
TIMSS, sample items are given to provide clearer explanations of the 
instruments used, the intention of the PISA study, and the possible implications 
of student responses. 
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In 2003 mathematical literacy was the major focus, with reading and science 
literacy the minor foci. The Problem solving for tomorrow’s world: First 
measures of cross-curricular competencies from PISA 2003 report 
(Organisation for Economic Co-operation and Development, 2004) derived from 
a part of PISA 2003 that ‘included an assessment of students’ problem-solving 
skills, providing for the first time a direct measurement of life competencies that 
apply across different areas of the school curriculum’ (Organisation for 
Economic Co-operation and Development, 2004, p. 3),. The problems selected 
for this assessment were not related to school curriculum, but were selected on 
the basis of their use of problem-solving skills and understandings attained 
through schooling in general. The criteria for an item to be selected were:  
• Problem type (decision making, system analysis and design, 
trouble shooting); 
• Problem context (personal life, work, leisure, community and 
society); and 
• Problem-solving process (understanding the problem, 
representing the problem, solving the problem, reflecting on the 
solution, and communicating the solution). 
The analysis of the problem-solving data is presented as a described problem-
solving scale, with four levels of attainment: Level Three (Reflective, 
communicative problem solvers), level Two (Reasoning, decision-making 
problem solvers), Level One (Basic problem solvers), and Below Level One 
(Weak, or emergent problem solvers) (Organisation for Economic Co-operation 
and Development, 2004, p. 30). 
However, while the formative information included in the main PISA reports is 
as far in the back-ground as that from TIMSS, there would appear to be the 
potential for usable formative information available in the PISA problem solving 
report. In this report, examples of problem-solving items and their solution and 
marking-scheme are detailed, and, moreover, and linked to the PISA scale 
score and the levels of the PISA problem-solving scale. However, while these 
give the reader insight into the skills and understandings of students tackling 
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different problem-types, and achieving at different levels, how this insight might 
be used in one’s own classroom is not clear. 
In the middle-ground 
The large-scale assessments in the middle-ground that are closer to providing 
classroom level formative information all use Rasch approaches, although the 
re-analysis of the data in the second example does not.  
The TIMSS was the first large-scale, international study to use free-response 
items. Responses to these items were given a two-digit coding. It was intended 
that this would be of value to ‘teachers, curriculum developers, and researchers’ 
(Dossey, Jones, & Martin, 2002a, p. 21) as the rubrics attached to particular 
codes could provide insight into student working and thinking. Figure 2.3 shows 
the codes and their intended meaning for a two-point item. 
Figure 2.3: TIMSS two-digit coding for a two point item 
(Dossey, Jones, & Martin, 2002b, p. 24) 
Code Meaning 
20 Correct response, answer category or method #1 
21 Correct response, answer category or method #2 
22 Correct response, answer category or method #3 
29 Correct response, other answer category used 
10 Partially correct response, answer category or method #1 
11 Partially correct response, answer category or method #2 
12 Partially correct response, answer category or method #3 
19 Partially correct response, other answer category used 
70 Incorrect response, common misconception, error #1 
71 Incorrect response, common misconception, error #2 
72 Incorrect response, common misconception, error #3 
76 Incorrect response, information is stem repeated 
79 Incorrect response, other misconception noted 
90 Work crossed out, erased, illegible, or impossible to interpret 
99 Blank student paper 
In this re-analysis the performance of students in a selection of countries was 
examined. These countries were: Japan, Singapore, Hungary, Netherlands, 
United States, Canada, Norway, and Greece from Population 1; Japan, 
  31 
Singapore, Canada, France, Hungary, Netherlands, Norway United States, 
Germany, and Greece from Population 2; Canada, Netherlands, France, 
Norway, Czech Republic, Germany, Hungary, and United States from 
population 3 (Literacy); France, Greece, Czech Republic, Sweden, Canada, 
Germany, and United States from Population 3 (Advanced mathematics).  
The focus of the re-analysis was based mainly upon the percentage of student 
responses in each response category. This enabled some insights into the 
thinking of students who responded to these items. For example, in an item 
requiring students to supply the correct hundreds place digit to make 2739, 
students in many countries gave the response coded 70, which meant that they 
responded ‘7’ not ‘700’; this was taken to indicate a difficulty in differentiating 
between face and place value. Thus, rather than a simple ‘correct’ or ‘incorrect’ 
situation, details of the type of error were recorded. Other examples provide 
similar information for a range of student populations.  
As Dossey et al. (2002a) point out, patterns of response, whether correct or 
incorrect, provide information that is of value to curriculum developers and to 
teachers. While I believe that the use of two-digit codes is a way forward in 
providing formative information within the large-scale assessment environment, 
the format for presenting the information gleaned from this re-analysis is based 
firmly in text, which, I believe, not as accessible as other possible formats, 
particularly for teachers. However, as (Wagemaker, 2002) suggests ‘the release 
of the TIMSS results had a considerable impact in most countries’ (p. 8), at 
least at the curriculum development and policy level. 
The second middle-ground example comes from the beginning of the 1990s, 
when only one Australian state, New South Wales, conducted large-scale, 
whole cohort assessment at the primary school level (Doig & Masters, 1992; 
Masters et al., 1990). This large-scale assessment programme of Year 3 and 
Year 6 students, the Basic Skills Testing Program [sic] (BSTP), sought to 
‘provide parents and teachers with systematically-collected information on 
aspects of students’ literacy and numeracy skills’ (Masters, et al., 1990) as well 
as information to the New South Wales Department of Education.  
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Reports to teachers contained, inter alia, details of unexpected results, such as 
‘easy questions answered incorrectly … to assist in the general diagnosis of 
individuals’ special strengths and weaknesses’ (see, for example, Leeson, 
Lindsey, & Doig, 1997). However, despite these formative intentions, no 
systematic information about the development of students’ mathematical 
understandings, or mis-understandings, was indicated (see, for example, 
Barnes, 1997). 
In an attempt to provide formative information at the classroom level, a re-
analysis of the BSTP data from a half-million students was undertaken. This re-
analysis took the form of an analysis of each assessment question in terms of 
the percentage of students selecting particular response options. This 
procedure was followed for all students and sub-groups of students (for 
example, girls, or non-English speaking background students). Armed with this 
information, selected mathematics education experts examined the implications, 
for classroom practice, of these rates and patterns of response. The resulting 
monograph, Learning from Children (Doig & Lokan, 1997) contained an 
examination of many aspects of the BSTP data, amongst which were students’ 
selections of incorrect answers and the differences in response rates of boys 
and girls. In order to emphasize further the classroom relevance of the expert 
analysis, each chapter concluded with a teacher’s observations on the 
classroom implications of that chapter. The commentary by McPhail (1997) on 
Owens’ Space chapter (1997)indicates what she saw as the classroom 
implications for teachers, and what they might make of the analysis of large-
scale data: 
Teachers who wish to improve their teaching and learning programs 
by adopting and making use of the suggestions and ideas presented 
[could adopt] assessment practices which encourage children to take 
a greater interest in their learning, and a teacher and child 
awareness of how mathematical understanding and knowledge can 
empower children in everyday life. (p. 149) 
Although the re-analysis provided a deeper understanding of children’s 
responses to individual items, it did not provide an overall picture of students’ 
developing understanding in a way that paralleled the picture provided by the 
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summative analysis of correct responses (Masters, et al., 1990). Unlike the 
summative reports, which were in a graphical format, and available soon after 
the assessment date, the text-based, item-wise format of Learning from 
Children was distanced, if only in time, from the classroom, and this lessened its 
potential to have an impact on teachers’ practice. 
A strong point of detailed reporting of children’s responses is that the cohort of 
children assessed all responded to the same questions; that is, there is a direct 
link from the analysis to the children in every teachers’ classroom. Moreover, 
the items used came from the curriculum content that is used in their 
classrooms, providing a strong nexus between the assessment, the feedback, 
and teachers’ classrooms. 
The third middle-ground example is taken from part of a continuing body of 
research conducted by the Australian Council for Educational Research 
(ACER), although similar work is conducted by other researchers. The focus of 
this research is on the creation of developmental continua that describe typical 
learning progress in specific domains. These developmental continua, based on 
Rasch analyses (Rasch, 1960), use data from large-scale assessment 
programmes.  
These developmental continua are not simply described continua, as there is a 
clear intention to explicate development, or progress, not merely describe it. 
Student performance on developmental continua is, as articulated by Masters 
and Forster (1996b), a key part of Developmental Assessment, which is an 
attempt to integrate summative and formative assessment in the manner 
suggested by Wiliam (2001). Masters and Forster state, clearly, that ‘it 
[developmental assessment] is the process of monitoring a student’s progress 
through an area of learning so that decisions can be made about the best ways 
to facilitate further learning’ (Masters & Forster, 1996b, p. 1). Furthermore, 
developmental assessment is based on a ‘progress map (or continuum) where 
a progress map describes the nature of development – or progress or growth – 
in an area of learning and so provides a frame of reference for monitoring 
individual development’ (Masters & Forster, 1996b, p. 1). The results of this 
research into developmental continua are encapsulated in two of the 
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publications of the Assessment Resource Kit (ARK) series: Progress Maps 
(Masters & Forster, 1996a) and Developmental Assessment (Masters & Forster, 
1996b). Embedded in this approach is an assumption that descriptions of 
developing understandings and skills, by their nature, also provide a basis for 
formative interpretation of students’ performances. 
A student’s position on a continuum indicates current abilities, and is located by 
reference to their assessment score (the scale at the left-hand side of Figure 
2.4 for example. Locations on this ‘map’ are described by the ‘developing skills, 
knowledge and understanding’ (Masters & Forster, 1996b, p. 3) needed by the 
learner to be at each location. A student’s progress can be ascertained by their 
progress made along the continuum, similar to the way in which a traveller’s 
progress is shown on a road map. It is this focus, on continual progress, that 
distinguishes this approach from that of scale anchoring, described earlier. 
Although the difference appears small, it is critical in terms of the interpretative 
framework presented. 
This continuum, or map, provides formative information because the Rasch 
analysis underlying the construction of the continuum, provides a probabilistic 
relationship between the relative positions of the student scores and item 
descriptions. Figure 2.4, taken from the DART Mathematics: Upper Primary 
(Recht, Forster, & Masters, 1998), assessment materials illustrates such a map. 
The interpretation of this map is straight-forward: for example, a student with a 
score of 16 is likely to be able to use a calculator to solve a word problem, is 
more likely to be able to solve a simple subtraction problem, but unlikely to 
correctly multiply decimal fractions and round down as required. 
The DART report in Figure 2.4 (Recht, et al., 1998) is a combination of Rasch 
scaling, item descriptions, and a graphical expression of the inter-relationship of 
these, and is a good example of how large-scale summative data may provide 
formative information. The relationship between total score, and likelihood of 
success on each item, can be interpreted readily in terms of a student’s 
strengths and weaknesses. This aspect of the DART report places it squarely in 
the middle ground of providing formative information that may guide classroom 
practice.  
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A strong point of these last two middle-ground examples is that their reports 
draw on assessments where the range of curriculum content was presented to 
all students, unlike the TIMSS example, where students faced only a small sub-
set of the overall assessment content. This is a technically-engendered 
constraint that lessens the potential for classroom impact, and is inherent in the 
scale of large international programmes due to the broad curriculum content 
and the need to address a greater range of political and cultural needs. 
Figure 2.4: The Number continuum – DART mathematics 
(Recht, et al., 1998) 
 
A different approach, to that of DART, was described by Adams (2007). He 
describes ‘zone maps or response spaces’ [italics in the original] as suggested 
by Masters and first reported in Adams and Masters (2009). In this approach, 
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the proportion of students who give a response ‘in each response category for 
increasing levels of competence’ is shown (p. 355). This idea was expressed 
earlier by Doig and Masters (1992), where their ‘response map’ (p. 284) was 
used to provide diagnostic information. This is shown in Figure 2.5. The 
example is question 25 from the basic Skills Testing Program [sic] (BSTP) in 
New South Wales, Australia, in 1990. A quick reading of the map tells us that 
about: 
• five percent of students who scored a total score of 60 on the test, 
did not answer this question; 
• three-quarters of students with scores above sixty-five answered 
this question correctly; and  
• that a large proportion of children gave answers that were not 
those expected from a reading of the research literature! 
Figure 2.5: Response map for BSTP numeracy question 25 
(Doig & Masters, 1992, p. 286) 
 
 
 
 
 
 
 
 
 
 
 
  37 
 
While this is an informative diagnostic, or formative, representation for this item, 
and could well be useful to the classroom teacher, an isolated example hides 
the complexity that a report describing, say, thirty or forty questions, would 
have. It is arguable, therefore, that a large number of items would provide an 
over-whelming amount of formative information, and thus would be self-
defeating. It is also unclear as to how one might show a large number of such 
response maps in an easily accessible way. 
In the fore-ground 
The next two examples of possible uses of summative data for formative 
purposes, that come from the work of researchers at the University of 
Manchester in the United Kingdom, have a clear focus on being useful in the 
classroom: that is, they are in the foreground.  
Large-scale national testing occurs annually in England and Wales, and the 
assessment programmes of England and Wales have provided the summative 
data for researchers in the University of Manchester Centre for Mathematics 
Education since 1997. Students sit one test paper from a collection of linked 
papers, whose focus is the content of the National curriculum. The mathematics 
assessment covers aspects of number, geometry, measurement, data handling, 
and algebra. The assessments are designed and distributed by a central 
agency, and contain short-answer questions to which students write or draw an 
answer. There are two forms to the assessment: one in which a calculator is not 
to be used, and another in which a calculator may be used. The completed 
papers are scored by centrally-trained markers and the summative results and 
students’ test papers returned to schools. However, the decision to interpret 
these results in a formative manner remains with schools and teachers. The two 
examples that follow describe attempts to assist teachers in their interpretation 
and use of the national assessment data. 
This first example from the fore-ground started in 1997 when the Manchester 
researchers undertook an exploration of errors made by students on the 1997 
English and Welsh national tests in mathematics for Key Stages 2 and 3 (7- and 
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14-year-olds). The focus was upon analyzing the errors made in responding to 
test items with the intention of informing teachers’ practice (Ryan, Williams, & 
Doig, 1998a; Williams & Ryan, 2000). This error analysis was based upon the 
notion that ‘Children’s errors and misconceptions are the starting point for 
effective diagnostically designed teaching’ (Ryan et al., 1998). 
The analysis of both the 7-year-olds’ and 14-year-olds’ data was essentially the 
same. A sample of students’ scripts was examined, and a coding scheme 
produced for all errors that occurred more than once. This coding scheme was 
used to re-mark all scripts, although errors that occurred infrequently (less than 
3% of scripts) were disregarded. A Rasch analysis of students’ summative 
results produced estimates of student ability and item difficulty on the same 
scale in the usual way, using the Quest analysis software (Adams & Khoo, 
1996). These ability estimates were used to compute the mean ability of all 
students who made each particular error. Finally, a map of student ability 
estimates and mean error scores was constructed on the original summative 
Rasch scale, indicating the behaviours to be expected of students of a given 
ability.  
This map links a student’s summative score and the errors likely to have been 
made in obtaining that score (Ryan & Williams, 2000). A formative map 
produced by this approach provides details of student achievement in a 
curriculum context, and typical errors made by students at this level of 
achievement. Figure 2.6 shows one such map for the English data on 14-year-
olds. For simplicity, achievement levels related to the English National 
Curriculum have been omitted from this adapted version. 
As Williams and Ryan (2000) argue, ‘this type of test review could play a 
significant role in supporting and educating teachers, and in helping to lay the 
foundations for better practice’ (p. 59). In relation to a broader perspective, 
Williams and Ryan suggest that the errors illustrated in the report ‘provide a 
concrete reference point for teachers to engage with research findings and 
conceptual frameworks in the literature that would otherwise remain obscure 
and arcane’ (p. 67). Further, they argue that ‘[their] analysis and interpretation 
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may mediate between the research community and the teaching profession’ 
p. 68). 
Although it was expected that teachers could use this information to inform their 
subsequent planning of learning activities for the students who had been 
assessed, or use these maps in planning learning experiences that would avoid 
other students making the same errors, there could be problems if the 
interpretative framework of the maps was misunderstood.  
Figure 2.6: Formative map of student achievement and typical errors 
(Adapted from Williams & Ryan, p. 60) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  Typical performance at each level Typical common errors  
 
 
 
  
 
 
 
 
 
 
 
  
 
 
 
 
 
  
 
 
 
  
 
 
  
 
Give the solutions to problems in common-
sense terms; calculate simple products; add 
prices of goods to exactly £1; solve 
addition and subtraction problems 
involving regrouping; read unlabelled 
intermediate markings on scales; recognise 
the ÷ sign and solve simple division 
problems; find numbers to complete a 
number sequence; understand = sign as an 
equality. 
 
 
 
Recognise a correct method for solving 
simple multiplication problems; calculate 
simple products or quotients using times 
tables; order a set of 3-digit numbers; show 
a simple fraction pictorially; interpret data 
in a table. 
 
 
 
Draw reflected images of given shapes; 
identify the units for measuring given 
attributes of an object; solve simplest 
addition problems involving regrouping; 
calculate simple sums and differences; add 
coins to make a specified total less than £1. 
 
 
 
Calculate half of a 2-digit number; find a 
number between 10 and 20 in a given set of 
numbers; calculate remainders from simple 
division. 
 
 
 
Recognise a given geometric figure; draw 
geometric figures of different sizes; 
recognise a right-angle; read data from a 
table; write a spoken 2-digit number in 
digits; find the largest number in a given 
set of 2-digit numbers; use = and + 
symbols correctly; interpret a diagram 
representing a 2-digit number.  
 
 
 
 
 
 
 
 
 
£1.05 is written as £1.5 or £1.5p 
£1.05 is written as 105 or £105 
83 - 37 = ? , smaller digit from larger gives 
54 
Unfamiliarity with the division sign (e.g. 45 
÷ 5 , 20 ÷ 2) 
 
 
 
 
Misunderstanding the remainder in context 
(no bus for 30 children) 
Scale readings 705 or 700 instead of 750 
Misunderstanding = sign in  
     32 + 6 = 40 -       
  
 
 
Misinterpreting the ÷ sign (e.g. as 
multiplication) 
Shading the snake symmetrically 
Using 4 coins for 23p rather than 3 coins: 
not reading the two parts of the 
question 
38 -      =11 gives 29 
 
“3 pots of 4 pencils” = 3+4 pencils 
Labelling the lemonade bottle as 2          
Kilograms capacity 
Read scale as 700 (nearest whole mark on 
scale) 
18-4=15: counting down error 
Misunderstanding the term ‘lighter’ 
Reading ‘right-angle’ as triangle or 
rectangle 
 Performance of children at higher levels 
includes those indicated for lower levels. 
The errors listed are most likely to be 
made by children at the level adjacent. 
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In workshops with groups of teachers, Williams and Ryan discovered that the 
reception of the report by teachers was lukewarm, not because of the report 
format, but because teachers ‘were somewhat defensive about errors children 
made [and] A common response … was to criticize [the item]’ (p. 66).  
While the Manchester group’s formative maps have a superficial resemblance 
to the TIMSS scale anchoring and developmental continua described 
previously, the addition of typical student errors adds a formative dimension not 
present in either of these other approaches. This brings formative information 
closer to the classroom while retaining its links to the summative results of the 
original large-scale assessment. 
The next example stems from further research by the Manchester group, and 
was based on the 2000 Key Stage 2 and 3 Mathematics tests for Wales. As a 
strategy for improving teaching at the classroom level, Ryan and Williams 
conducted an error analysis of the Welsh national assessment results in a 
manner similar to that of 1997, and then selected items with which students had 
had significant difficulty (Ryan & Williams, 2000). Groups of four children, who 
had made a number of different responses to the Welsh national assessment 
items, were engaged in a discussion about their understandings that 
underpinned their item responses.  
The report of this research is set out over two facing pages for each item 
explored. Each left-hand page details the item and its mathematical focus. Each 
error, for that item, is explained and linked to a quote from one, or more, of the 
four students interviewed. Possible teaching insights, designed to encourage 
teachers to reflect upon what some students do or think about the question, are 
supported by suggestions for alternative ways of teaching the type of question 
under discussion. 
The right-hand page is a classroom discussion prompt. Using student quotes 
and cartoons, students are shown some of the ideas revealed by the 
interviewed students, to read, discuss, and reflect upon. Teachers encourage 
their students to explain the (erroneous) thinking of the cartoon students, which 
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allows them to distance themselves from any suggestion that they, too, might 
think that way. 
Figure 2.7 and Figure 2.8 show a typical pair of left- and right-hand pages 
respectively. 
Clearly this last form of formative assessment based on large-scale assessment 
programmes is not generally applicable without some professional development 
for teachers, and it is this aspect that has been taken up by Ryan and Williams 
(2000). In this style of report there is an unequivocal emphasis on classroom 
use, and an attempt to influence teaching practice by describing how discussion 
can be used as a starting point for both exploring students’ thinking and 
‘correcting’ misunderstandings.  
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Figure 2.7: Left-hand page: Question – Add 0.75 TO 3.5 
(Ryan & Williams, 2000, p. 30) 
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Figure 2.8: Right-hand page: Discussion prompt sheet 
(Ryan & Williams, 2000, p. 31) 
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Research needs and opportunities 
As Masters and Forster (2000) point out, ‘[I]n education … good decision 
making is facilitated by access to relevant, reliable and timely information’ (p. 1). 
The provision of this information has led to the development of educational 
measurement, where scales are constructed of estimates of students’ 
achievement. These scales allow students to be ordered by ability, 
interpretations of what it means to be at a particular point on the scale 
developed, inferences about the quality of a student’s performance to be made, 
and to provide evidence useful for diagnostic purposes. Summative scales, in 
particular, lend themselves to classifying students, gauging knowledge growth, 
student grading and the awarding of qualifications, while formative assessment 
provides evidence of students’ mis-understandings. 
In terms of research into assessment opportunities, (Helmke, 1995), in his 
review of approaches to the diagnosis of student needs, concluded that: 
there are at least three areas … under-represented in research [on 
diagnosis] … First, attempts to analyze students’ understanding and 
their content-specific knowledge structures, including the analysis of 
errors and misconceptions, are a necessary counter-weight against 
the widespread use of standardized multiple-choice achievement 
tests. (p. 289) 
An approach to addressing this imbalance is Lane and Glaser’s (1998) 
suggestion that ‘assessments should be constructed or selected to ensure their 
alignment with instructional activities and the results of assessment should be 
available for formative planning and change’ (p. 280). This view supports 
Wiliam’s suggestion that ‘the same assessment can serve both formative and 
summative functions, although in general, the assessment will have been 
designed so as to emphasize one of the functions’ (p. 176).  
A different view, the integration of summative and formative assessment, has 
been suggested by Biggs (1998) because ‘there is a powerful interaction 
between FA [formative assessment] and SA [summative assessment] that could 
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usefully be incorporated in an overall synthesis so that both … are 
conceptualized within the same framework’ (p 106).  
How this synthesis could be achieved is not to be found in traditional 
measurement practices however, for as Marshall (1990) says, ‘[F]or the 
purposes of cognitive diagnosis, traditional measures of item difficulty and 
person ability are not directly useful’ (p. 347). Further, Wright (1988), speaking 
from a Rasch analysis perspective, points out that: 
an item content diagnosis of each test taker’s response pattern is 
essential. Since the response residuals from the measurement model 
manifest all the diagnostic information the test contains, their analysis 
is also all that can be done statistically (p. 290). 
Here, Wright is suggesting that traditional test analyses, particularly summative 
measures that report only aggregated statistics (for example, means and 
standard deviations) do not use all the information that is available in the 
responses of test takers, and this loss of information is unacceptable in terms of 
‘the intention to use tests to help test takers’ (Ryan, et al., 1998a).  
A critical aspect of this loss of information is that with traditional analyses the 
nexus between the test taker’s ability and the difficulty of the test items is not 
revealed by the analysis, and so is not made available in reporting. Williams 
and Ryan (2000) raise this issue when reporting the use of system-wide test 
data to inform classroom teaching through an ‘error analysis’ of children’s 
responses, including incorrect responses, to a summative test.  
As was shown in the earlier section, there has been a range of attempts to 
derive formative information from summative data. As was shown, these varied 
greatly in their usefulness, defined in terms of distance from the classroom, 
which is an indication that there are opportunities for further attempts at 
establishing integrated summative~formative reporting scales that address the 
needs of those concerned with improving teaching and learning. 
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Constructing integrated summative~formative reporting 
The previous attempts to construct integrated summative~formative reports 
have fallen short of a complete solution. Advances in data modelling 
techniques, however, offer the possibility of developing more satisfactory 
integrated summative~formative reports. 
The approach described earlier, developed in Manchester, using UK national 
test data (Doig, Fox, Ryan, & Williams, 1997), comes close to addressing many 
of the needs expressed above. In the Manchester approach, the ’error’ 
descriptions are placed on the ability scale at the mean ability of all those 
students making that error. While this sites the error description, it does not 
indicate the extent of the score range of the students who are likely to make that 
error, and most importantly, it does not indicate the degree of likelihood with 
which students may make the ‘error’. However, this use of student mis-
understandings, as data for reporting, suggests that this may be a key to a 
report that has both summative and formative characteristics, if this is the case, 
then contemporary data modelling strategies need to be canvassed. 
For example, Masters’ Partial Credit Model (PCM) (1982, 1988) suggests the 
possibility of treating the incorrect responses as partially correct, and thus using 
the partial credit thresholds as locations for error descriptions. This approach 
has been investigated by researchers analyzing tests containing both rated 
response and multiple-choice items (see for example, Thissen, Pommerich, 
Billeaud, & Williams, 1995) and researchers designing computer-adaptive tests 
(see, for example, Wang & Li, 2001). While this approach is simple, again there 
are technical issues to be resolved: PCM thresholds indicate the position on the 
scale at which a student has a 0.5 probability of either making the ‘error’, or not, 
but does not give the scale position where a student is most likely to make the 
error.  
Further, there may be problems of validly linking the scale produced by a Partial 
Credit analysis with that produced by a dichotomous Rasch scaling, due to 
dimensionality issues of the re-analysis of the items as polytomous, and the 
consequent likelihood of item misfit to the model. The issue of misfit has been 
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addressed by Nandakumar and colleagues (Nandakumar, Yu, Li, & Stout, 1998) 
whose study assessed the uni-dimensionality of polytomous data. In their study, 
purpose-built analysis software was used to assess the uni-dimensionality, or 
not, of simulated polytomous data. The results of their study showed that the 
software, Poly-DIMTEST, was useful in detecting uni-dimensionality. However, 
the authors, cautiously, point out that the software needs to be tested on real 
data before claims of usefulness can be made. It should be noted also, that the 
standard tests of fit, that form part of better known and validated Rasch 
software, such as Quest (Adams & Khoo, 1996) and ConQuest (Wu, Adams, & 
Wilson, 1998a; Wu, Adams, Wilson, & Haldane, 2007), are simpler to 
implement as indicators of uni-dimensionality. 
Wilson’s extension of the Partial Credit Model, the Ordered Partition Model 
(OPM) (Wilson, 1992) also has possibilities. In this model, unlike the Partial 
Credit Model, it is possible to analyze test items where ‘there is not a one-to-
one relationship between response categories and score levels’ (p. 310). Using 
this model, incorrect responses to an item could be scored equally, yet have 
individual positions on the ability scale. As Wilson suggests this model is of use 
in situations where ‘there is some underlying structure built into the items … [or 
where] … the response categories are suggested by substantive theory’ 
(Wilson, 1992, p. 323). Using an Ordered Partition Model, items could be 
treated as polytomous but be scored pseudo-dichotomously. Thus, raw- to-
scaled score equivalence, of a dichotomous analysis, would be preserved, while 
unpacking the various qualitatively different incorrect responses provided by a 
polytomous approach. At the present time there appears to have been little 
investigation, beyond Wilson’s, of the use of this model to address the issues 
raised here (Briggs, Alonzo, Schwab, & Wilson, 2006). 
An approach similar to that suggested above with respect to the OPM, was 
reported earlier by Thissen, Steinberg and Fitzpatrick (1989) for the analysis of 
item distractors of multiple-choice items, using a specifically-constructed 
multiple-choice nominal model (Thissen & Steinberg, 1984) extended from the 
work of Bock (1972). A feature of this nominal model, as used by Thissen et al. 
is that the categories of response are un-ordered, thus allowing any response to 
be the higher order response. This contrasts with the a priori ordering of 
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categories in the Partial Credit Model of Masters (1982) and the Ordered 
Partition Model of Wilson (1992a), although, in these cases, response 
categories can be re-ordered and the data then re-analyzed. 
Thissen et al.’s nominal model posed many logistical problems in its 
implementation, and was daunting in application to routine test situations. 
However, as a result of their experiences, Thissen et al. suggested that 
‘[D]istractors could be designed to be equivalent if the test is to be scored using 
a binary (right/wrong) model or they could be designed to be informative if a 
multiple-category scoring system is contemplated’ (p. 174) (italics added) which 
suggests a foreshadowing of the possibilities that this present study is intending 
to explore. 
It should be noted that all of the approaches, described above, use Rasch 
modelling of the data, and in the following section, reasons for considering the 
use of these models are explored. 
The present study 
The intention of this study is to provide a reporting scheme that uses all the 
evidence ‘revealed by the learner’s responses [and place it into an] 
interpretative framework [that can be] used by both teachers and learners’ 
(Black & Wiliam, 1998, p. 59). Thus, the outcome of this study is intended to be 
a method for producing a valid, statistically defensible scale, which displays 
both summative and formative information about students, at the same time, on 
the same measurement scale, in a coherent and practicable manner. Similar 
endeavours have been presented by Mead as Intelligent Student Reports, and 
by others, where assessment information is presented in a contextualized 
manner (Mead, 2009a, 2009b; Panizzon & Pegg, 2007). Further, Mead 
suggests that on-line assessments could provide more useful information to an 
examinee and that ‘the constraints of print technology … are becoming less and 
less relevant to effective score reporting’ (Mead, 2009b, p. 223). 
Bloom and his colleagues suggest that ‘perhaps level of generalization is the 
factor which differentiates summative from formative evaluations most sharply’ 
(1971, p. 117), and the examples described earlier would support this view. 
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However, a reporting scheme that displays both summative and formative 
information, as suggested above, would be of immense benefit to all 
stakeholders concerned with students’ mathematical education. Whether this is 
achievable or not will be known from the outcome of this study.  
While formative assessment has a focus on the student’s knowledge of the 
underlying pre-requisites for further development in a subject, and summative 
assessment has a focus on students’ ability to use what they have learnt 
already of the subject, the relationship between these two aspects of assessing 
learning is critical to understanding fully how individual students and cohorts of 
students develop mathematically. From the perspective of the teacher, knowing 
a student’s current understanding from formative information is crucial to 
planning effective learning experiences for that student.  
That is, if this summative~formative relationship can be established, then 
knowing a student’s achievement score would provide a valid and reliable 
indication of what errors or conceptual mis-understandings the student is most 
likely to have made on the assessment. Further, it would show that students’ 
current mathematical development (their situation apropos the curriculum) and 
provide information that would expose those mis-understandings that are 
persistent. By persistent is meant those mis-understandings held by students 
across a range of scores. In other words, the purpose of this study is 
summarized by the question of whether or not children’s understandings (and 
misunderstandings) of school mathematics can be described and linked to their 
achievement via the agency of their standardized achievement assessment. 
Although rarely to date, have the summative and formative aspects of students’ 
learning been measured and described simultaneously, or located on the same 
scale of development, this study aims to achieve this.  
The main features of such a reporting scale is that it must: 
• use all the evidence available; 
• set the evidence within an interpretative framework. 
• be reliable;  
• be valid; and 
• be generalizable. 
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A single scale that reports both achievement and diagnostic information can be 
thought of as a ‘dual-purpose’ or ‘common’ scale, and the critical points in the 
creation of such a scale are the linking of student achievement to student 
errors, and describing these errors coherently. Thus, to establish the feasibility 
of constructing a common scale, as that described above, the following 
questions need answering: 
• What statistically valid and reliable methods are there for scaling 
student response data? and 
• What interpretation can be given to the resulting integrated scale? 
Further, it is suggested that the use of current summative assessment 
instruments could be adapted to determine the extent to which these would 
provide formative information, when analyzed and reported on the common 
scale, and so provide answers to the following questions: 
• Based on their achievement scores, which students are likely to 
use particular less efficient strategies, make particular errors, or 
have particular less sophisticated understandings? and 
• What are the persistent problems in mathematics for students? 
The use of standardized achievement tests for assessing students’ 
mathematical development is well known, and appears to be increasing its 
dominance in both national and international large-scale assessment 
programmes, which would appear to make the development of a common 
summative~formative scale more necessary. In other words, reports from large-
scale assessment programmes should provide information that uses all the 
evidence ‘revealed by the learner’s responses’ and places it into an 
‘interpretative framework [that can be] used by both teachers and learners’ 
(Black & Wiliam, 1998, p. 59).  
Summary 
It is the intention of this study, therefore, to construct a reporting framework that 
uses the data from large-scale summative assessment, and provides an 
interpretative framework for the widest benefit to teachers and students. This 
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reporting framework is to be statistically valid and must convey useful formative 
information to teachers and students. 
The issues pertinent to the construction of this framework are described in 
Chapter 3, Methodological Possibilities. 
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Chapter 3 
Methodological Possibilities 
Whilst the intention of providing formative information 
from summative assessment regimes is laudable, the 
likelihood of achieving this desired end is quite 
problematic. Although several approaches may be 
theoretically possible, practical issues and statistical 
considerations may make the choice of strategy narrower. 
The proposed approach 
Which of the possible strategies, outlined previously, provides more reliable and 
more informative summative~formative information is unknown. The answer to 
the question of which of the strategies would provide the best solution to 
constructing summative-formative reports, perhaps along the lines of that in 
Figure 1.3, can be answered however, by undertaking a comparison of the 
possible strategies. 
This comparison should be based on how the different strategies address the 
issues of: 
• use of evidence from responses; 
• how the evidence is set within an interpretative framework. 
• reliability;  
• validity; and 
• generalizability. 
And, how well does each strategy address the key elements of diagnostic 
assessment cited earlier, and suggested by Delandshere (1985) and McArthur 
and Choppin (1984) (cited in Adams, 1988)? These are that reports should 
provide  
• descriptions of students’ status in the domain; 
• an interpretative framework for these descriptions; 
• an understanding of identified problems; and  
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• directions for future actions. 
It should also be noted that all of the strategies previously described are based 
on Rasch analyses. The virtues of employing Rasch analysis is that: 
• scales are independent of the persons and items forming them; 
• the scales constructed provide measures depicting the relative 
difficulties of responses; 
• category parameters provide likelihood of occurrence; and 
• international and national assessment programs employ Rasch for 
their analyses.  
Alternative approaches to constructing a common scale 
An essential element in assessment is the interpretative framework. That is, the 
framework for understanding what a score means. In constructing a common 
summative~formative scale, it is necessary to construct an interpretative 
framework for both scores simultaneously, as well as provide an interpretation 
of the link between the scores. This requires that the scales on which the scores 
(summative and formative) are placed must have a valid link between them, or 
better still, be on the same scale. 
This goes beyond the description of achievement or development on a 
summative scale, as in described scales (for example, developmental continua 
(Masters & Forster, 1996a, 1996b) and scale anchoring (Kelly, 1999, 2002a)) 
because these clearly do not address the formative aspects of assessment, 
except obliquely.  
In order to facilitate discussion of the possible strategies for constructing a 
summative~formative common scale, the following categorization has been 
used. 
The first category is that of simple, straightforward statistical strategies. These 
approaches make use of by-products of the Rasch analysis of the data from a 
summative perspective, and involve no further analysis. In this category we find 
the approach described by members of the Manchester group (Doig, et al., 
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1997; Ryan, Williams, & Doig, 1998b; Williams & Ryan, 2000). In this approach, 
a qualitative analysis of the students’ responses enables errors and 
misunderstandings to be placed on the summative scale (previously 
constructed from a ‘summative’ Rasch analysis of the data) at the mean ability 
of those students making a particular error. This approach, although reasonable 
and useful, does not relate the described errors to the raw score of the students 
in a way that indicates the likelihood of a student committing that error. In other 
words, by using the mean ability of the students making a particular error, there 
is a deterministic element to this approach, in that it remains unclear as to which 
students are most likely to commit the error. A better strategy would indicate 
how likely it is for a student, with a particular raw score, to commit a particular 
error. This leads to the second category of possible approaches. 
The second category contains strategies that use a single, but a more complex, 
analysis. That is, the strategies use a single analysis to provide both the 
summative and formative scale in a single analysis. This category depends 
upon the use of the analytical opportunities such as those offered by the 
Ordered Partition Model (OPM) of Wilson (1992a). This form of analysis allows 
the score of the correct response to be 1, and each of the different incorrect 
responses to be scored 0. Thus a summative scale is created, and, importantly, 
because the Ordered Partition Model distinguishes between categories that are 
all equally scored, (0 in this case) the incorrect responses are calibrated 
simultaneously with the item difficulty (based on the correct responses). The 
‘difficulty’ estimates of the incorrect responses then form the scale positions of 
the incorrect response descriptions. This is the most direct strategy available 
with current analytic tools (Briggs, et al., 2006). However, this strategy has its 
difficulties. A requirement of the OPM is that the order of difficulty, or 
sophistication, of the ‘equal’ categories must be determined a priori. There are 
at least three methods of establishing the response order: by using the mean 
ability of those selecting that response, as in the ‘Manchester method’ 
described above, by inspecting item characteristic curves for anomalies, re-
ordering where necessary, and repeating the analysis, or by reference to 
research on errors, moderated by what we know about curriculum order. 
Although these approaches are labour-intensive and time-consuming, they 
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provide solutions that give usable measures and reliability indices (fit statistics 
and standard errors).  
However, an alternative view of the value of incorrect distractors is provided by 
Andrich and Styles (2011) who argue that ‘if a distractor is to have information 
[about a person’s proficiency], then the distractor must include aspects of the 
correct response’ (p. 70). Following this line of argument means that the 
number of useful distractors may be much smaller than anticipated. However, 
this would also mean that the labour involved in ranking distractors by their 
information value would be simplified, as Andrich and Styles continue that ‘if 
there is no correct feature in the response, then this distractor will not help any 
more than any other distractor in providing information about persons’ 
proficiencies’ (p. 70) and thus should be scored zero. 
A third category is that of strategies using multiple analyses: In this category is 
the use of the simple logistic Rasch dichotomous model and Masters Partial 
Credit Model analyses in tandem. In this approach the former analysis provides 
a summative scale, item difficulties, person ability estimates and reliability 
indices. The person ability estimates are used as anchor values for the Partial 
Credit analysis, and the different responses are the partial credit categories. 
The use of the person measures as the anchors enables an equating of the 
Rasch-based scale with the scale produced by the Partial Credit analysis. That 
is, the equating procedure puts the summative and formative scales on the 
same scale, which in this case is the summative scale. Incorrect response 
descriptors can then be placed on the scale at a position indicating where the 
particular response is the most likely choice. This strategy, like that using an 
OPM approach, requires the a priori ordering of the incorrect responses, and 
this may be accomplished in the same manner as that suggested for the OPM 
strategy, and with the riders added by Andrich and Styles (2011).  
As with other strategies, there are problems: for example, there may be misfit of 
the incorrect response data to the Partial Credit model that may require that 
some responses be omitted from the analysis. In these instances information is 
lost to the scale description. On the other hand, it is a strategy that provides 
usable person measures on a summative~formative scale, together with fit 
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statistics and standard errors. Clearly the OPM and Rasch-PCM strategies are 
very similar in their labour and time demands, yet are very different in their 
methodology: whilst the OPM provides all the required scales and measures 
simultaneously, the Rasch-PCM approach requires two separate analyses.  
However, modern Rasch software, such as Quest (Adams & Khoo, 1993, 1996) 
and ConQuest (Wu, Adams, & Wilson, 1998b), performs both the Rasch 
dichotomous and the Partial Credit analyses within the one analysis thus saving 
time and effort.. 
The criteria for a suitable strategy were described earlier, but an additional 
criterion is necessary for practical reasons. Thissen and Wainer (2001) suggest 
that ‘in the near future increasing numbers of testing programs [sic] will attempt 
to construct instruments combining multiple-choice, open-ended, and other 
kinds of assessments’ (p. 3). International assessment programmes such as 
TIMSS and PISA provide support to this anticipation. Hence, the additional 
criterion that needs to be addressed by a suitable strategy for 
summative~formative reporting must be the capability to encompass all item 
formats.  
Potential strategies 
The potential strategies are listed in order of complexity in Table 3-1. Whilst 
simplicity of analysis and construction is a useful characteristic for reporting 
formats, it may well be the case that a more complex strategy provides more 
useful formative reporting in some instances. The example described above, by 
Ryan and Williams (2000), is one example of a complex process of creation that 
results in a formative tool with high potential for classroom use. 
Note that the three potential strategies suggested here all involve a Rasch 
approach, which is the dominant approach for current large-scale assessment 
programme analysis. 
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Table 3-1: Summary of potential strategies 
Strategy Technique Example 
Simple statistical 
analysis 
Formative information manually 
placed on previously developed 
summative scale 
Manchester Group (Doig et al., 
1997) 
Multiple analyses Rasch analysis for a summative 
scale followed by a Partial Credit 
analysis with person ability 
anchored  
Rasch followed by a Partial 
Credit analyses (Masters, 1982) 
Complex analysis Distractors and categorized open 
responses ordered by cognitive 
sophistication and analyzed as 
dichotomous and polytomous 
simultaneouslyl 
Wilson’s Ordered Partition 
Model (Wilson, 1992) 
Summary 
All three of the suggested strategies should provide reports that satisfy the 
criteria that have been set (descriptions of students’ status in the domain; an 
interpretative framework for these descriptions; an understanding of identified 
problems; and directions for future actions). The first strategy (formative 
information manually placed on previously developed summative scale) does 
not directly appear to be adaptable to all item formats: this indicates that this 
strategy may not be fruitful. However, the two remaining strategies, (Rasch 
analysis for a summative scale followed by a Partial Credit analysis with person 
ability anchored), and an Orderd Partition Model analysis (distractors and 
categorized open responses ordered by cognitive sophistication and analyzed 
as dichotomous and polytomous simultaneously) do seem to be steps in the 
right direction.  
However, questions of the ease of constructing a suitable formative-summative 
scale, and the classroom usefulness of such a scale, remain unanswered. The 
goal of the current study is to discover which strategy provides the best solution, 
one that satisfies all the criteria described above on page 52. To this end, the 
following chapters will explore each strategy, and allow an examination of the 
strengths and weaknesses of each. 
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Chapter 4 
The Data Source 
To be of use data must provide valid evidence about a construct, and 
be a sufficiently complete body of such evidence to ensure reliable 
statistical properties from their analysis. The data for this study need 
to be of this nature and also must be able to provide information on 
formative aspects of student mathematical achievement. An 
argument is made that the data from the Third International 
Mathematics and Science Study, when examined in relation to the 
above criteria, are appropriate for this study. 
Data requirements 
The data required for this study must be a valid body of evidence about a 
construct, and a sufficiently large and complete body of such evidence to 
ensure reliable statistical properties for their analysis. In a study of strategies for 
providing summative and formative information on a single scale this means 
that assessment items, and their associated student responses are required, 
and that these items must have embedded within them formative information to 
facilitate usable descriptions of student understanding. As reported 
earlier,Thissen and Wainer (2001) suggest that ‘testing programs [sic] will … 
construct instruments combining multiple-choice, open-ended, and other kinds 
of assessments’ (p. 3), and the TIMSS and PISA programmes for example, 
provide support to this anticipation with their use of all item formats. 
A further criterion for a suitable dataset for this study is that of credibility: that is, 
that items should be those that are accepted by the education community as 
being able to elicit good summative and formative information about the 
construct under investigation. Experience from previous research (Doig & 
Lindsey, 2002) indicates that items of the required type are not readily available, 
nor are sufficient responses to those that are available.  
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The TIMSS provides a possible data source, and will be examined against the 
three criteria (credible assessment items, embedded formative information, and 
sufficient student responses) and an argument made that these data are 
suitable for this study. 
Data sources 
Given the requirements outlined above, professionally designed and written 
assessment items, with a large set of student responses to the items, are 
critical. It would appear that a suitable data set would be provided by a 
commercially produced assessment instrument, or by a large-scale, national or 
international assessment programme. 
A major difficulty with using the data from a commercial instrument is that 
although its items may well be suitable, but student response data are not 
available for use by private researchers. Further, tests usually do not contain 
large numbers of items for particular constructs (for example, number or 
algebra) nor do they cover a range of response types, but rather focus on a 
single response format, such as multiple-choice or short written response. On 
the other hand, large-scale public assessment programmes, such as those 
conducted by state and national education systems, do fit the criteria outlined 
above, and the results are accepted as useful by many in the educational and 
general communities. Raw item and response data are, however, not usually 
available to the private researcher, thereby disallowing the use of these items 
for comparative studies of scale construction and possible reporting strategies. 
One exception to this state of affairs are the data from the Third International 
Mathematics and Science Study (TIMSS), a widely known international study. 
A large number of the TIMSS mathematics items have been released by the 
International Association for the Evaluation of Educational Achievement (IEA) 
for unrestricted public use and form a separate aspect of the TIMSS data. 
These items are available via the Internet from the IEA (1997a, 1997b). In 
addition, the TIMSS items are complemented by student response data and 
item parameters based on large numbers of students participating in the 
TIMSS. 
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These TIMSS international data are available on two CD-ROMs from the IEA 
together with a User Guide (Gonzalez & Smith, 1997). These data are from 
thousands of children in two different age groups from over forty countries. 
These data consist of student achievement data, student background and 
attitude data, and school and teacher data. The data are provided in raw form, 
and so enable researchers to analyze any aspects of the TIMSS that are of 
interest. 
The TIMSS Items 
The first criterion for a suitable dataset is items that represent the construct 
under examination, and that are acceptable to the mathematics education 
community as providing summative and formative information about the 
constructs under investigation. The following sections describe the development 
of the TIMSS items, and the strategies used to establish clear links between 
these items and the mathematical understandings of the students involved in 
the TIMSS. 
Item development 
The TIMSS tests, and thus the items, were developed to assess two of the 
three aspects of school mathematics identified by the TIMSS curriculum 
framework (Mullis, et al., 1997; Robitaille et al., 1993). The mathematics 
curriculum aspects were content and performance expectations, while the third 
aspect, perspectives, dealt with affective and dispositional aspects of school 
mathematics. The TIMSS framework was overarching in that it was developed 
for all populations assessed. The framework categories for mathematics content 
were: 
• Numbers; 
• Measurement; 
• Geometry; 
• Proportionality; 
• Functions, relations, and equations; 
• Data representation, probability, and statistics; 
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• Elementary analysis; and  
• Validation and structure. 
The framework categories for mathematics performance expectations were: 
• Knowing; 
• Using routine procedures; 
• Investigating and problem solving; 
• Mathematical reasoning; and  
• Communicating. 
Prior to the TIMSS item development, a curriculum analysis was conducted in 
the countries participating in the TIMSS. This analysis established those 
aspects of mathematics curricula common across countries for each population. 
The curriculum analysis was based on the examination of curriculum 
documents and widely used mathematics textbooks in each country. The 
Australian curriculum guides and textbooks examined are detailed by Lokan, 
Ford, and Greenwood (1997) for Population 1 and by Lokan, Ford, and 
Greenwood (1996) for Population 2. The curriculum analysis was matched to 
the TIMSS curriculum framework for the purpose of ensuring that the TIMSS 
items would have face and construct validity at an international level. 
Participating countries were asked to submit suitable items from their own 
existing assessment programmes, and these were then classified according to 
the TIMSS curriculum framework (Robitaille, et al., 1993). All items were then 
considered by a panel of internationally distinguished mathematics educators as 
well as educational measurement experts (Mullis, et al., 1997, pp. A-5) who 
‘ensured that the test [items] reflected current thinking and priorities within the 
field of mathematics’ (p. A-5). These experts were able to draw on the TIMSS 
curriculum analysis (Martin & Kelly, 1997b; Robitaille, et al., 1993). 
Additional items were commissioned to augment the pool of items supplied by 
participating countries to ensure adequate coverage of the curriculum 
framework categories (see Garden & Orpwood, 1996, for details of the 
augmentation) and the development continued in an iterative fashion until 
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international consensus was reached. Pilot- and trial-testing of items completed 
the item preparation for the construction of test booklets. For Population 1 (9 
year-olds) there were 102 mathematics items, which provided 118 minutes of 
testing time, while for Population 2 (14 year-olds)there were 151 mathematics 
items, providing 198 minutes of testing time. 
For reporting purposes the TIMSS mathematics items were organized originally 
into eight broad reporting categories, but according to Gonzales and Smith 
(1997, p. 2-3) due to ‘limitations in resources for data collection a number of the 
detailed categories in the frameworks were combined into a few … ‘reporting 
categories’’ (p. 2-3) but these continued to reflect the TIMSS mathematics 
framework. The distribution of the final TIMSS mathematics items across these 
categories is shown in Table 4-1 and Table 4-2 below. 
Table 4-1: Item distribution by content category (%) for Population 1 
(Lokan, et al., 1997) 
Reporting category % of items 
Whole numbers 24 
Fractions & 
proportionality 20 
Measurement, estimation 
& number sense 20 
Geometry 14 
Data representation, 
analysis, & probability 12 
Patterns, relations & 
functions 10 
 
Table 4-2: Item distribution by content category (%) for Population 2 
(Lokan, et al., 1996) 
Reporting category % of items 
Fractions & number 
sense 34 
Geometry 15 
Algebra 18 
Data representation, 
analysis, & probability 14 
Measurement 12 
Proportionality 7 
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The TIMSS items are in three formats: multiple-choice, short-answer, and 
extended response (Garden & Orpwood, 1996). The distribution of these item 
formats is in Table 4-3. 
Table 4-3: Distribution of mathematics item formats 
(Gonzalez & Smith, 1997) 
 Percentage of items (rounded) 
Item format Population 1 Population 2 
Multiple-choice 77 83 
Short answer 15 13 
Extended response 8 4 
Test booklets 
As there were too many mathematics (and science) items for each student to 
answer, eight test booklets were constructed for each population of students 
and each booklet contained only a small subset of the total item pool. In order to 
allot items to booklets the entire set of TIMSS items (both mathematics and 
science) were divided into 26 clusters, labelled A to Z, and booklets were 
formed from selections from these clusters. The item clusters were rotated 
through the eight booklets, with two clusters repeated in each pair of sequential 
booklets. These repeated item clusters provided a link between booklets and 
thus across the entire set of student responses. For a detailed description of the 
cluster allotment, see, Adams and Gonzalez (1996) and Gonzalez, Adams, Wu, 
and Ludlow (1997).  
Table 4-4 and Table 4-5 show the rotation of item clusters through the eight test 
booklets for Populations 1 and 2 respectively. Note that Cluster A is common to 
all booklets to provide a link across all booklets. 
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Table 4-4: Allocation of Population 1 mathematics item clusters to test booklets 
(Adams & Gonzalez, 1996) 
 Booklet 
Cluster 
order 1 2 3 4 5 6 7 8 
1st B C D E F G H B 
2nd A A A A A A A A 
3rd C D E F G H B R 
4th S W T X U Y V Z 
5th E F G H B C D I 
6th J N K O L P M Q 
7th T X U Y V Z W S 
 
Table 4-5: Allocation of Population 2 mathematics item clusters to test booklets 
(Adams & Gonzalez, 1996) 
 Booklet 
Cluster 
order 1 2 3 4 5 6 7 8 
1st B C D E F G H B 
2nd A A A A A A A A 
3rd C D E F G H B Q 
4th S W T X U Y V  
5th E F G H B C D R 
6th I J K L M N O P 
7th T X U Y V Z W  
The distribution of item clusters and item formats, for each cluster that contains 
mathematics items, is shown in the tables below. The items for each population 
are unique items with the exception of pre-determined ‘link’ items. (These ‘links’ 
items are discussed in a later section.) Note that for Population 1 the clusters N 
to R and W to Z contained only science items. 
The 102 mathematics items for Population 1 (79 multiple-choice, 15 short 
answer, and 8 extended-response items) were distributed across the item 
clusters as shown in Table 4-6. 
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Table 4-6: Distribution of Population 1 mathematics item types by cluster  
(Gonzalez & Smith, 1997) 
 Number of mathematics items 
Cluster Multiple-choice Short answer Extended-response 
A 5 0 0 
B 5 0 0 
C 4 0 0 
D 5 0 0 
E 4 0 0 
F 5 0 0 
G 4 0 0 
H 5 0 0 
I 9 0 0 
J 9 0 0 
K 9 0 0 
L 8 1 0 
M 7 2 0 
S 0 3 2 
T 0 3 2 
U 0 3 2 
V 0 3 2 
Item clusters for Population 2 were treated as those for Population 1, but in this 
instance, clusters W to Z (not shown in the above table) contained only science 
items. Population 2 items are shown in Table 4-7. 
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Table 4-7: Distribution of Population 2 mathematics item types by cluster  
(Gonzalez & Smith, 1997) 
 Number of mathematics items 
Cluster Multiple-choice Short answer Extended-response 
A 6 0 0 
B 6 0 0 
C 6 0 0 
D 6 0 0 
E 6 0 0 
F 6 0 0 
G 6 0 0 
H 6 0 0 
I 7 2 0 
J 7 2 0 
K 7 2 0 
L 9 1 0 
M 7 2 0 
N 7 2 0 
O 7 2 0 
P 9 1 0 
Q 9 1 0 
R 7 2 0 
S 0 0 2 
T 0 0 2 
U 0 0 2 
V 0 2 1 
In addition to item clustering and cluster rotation, 32 ‘link’ items were embedded 
in the item clusters. This means that these items appear in the tests for both 
Populations 1 and 2 and enable measures across populations to be established 
(Garden & Orpwood, 1996). This is a critcal consideration for reporting student 
difficulties that persist across the years of schooling assessed by TIMSS. 
The publicly released TIMSS mathematics items are those in clusters I to Z and 
contain examples of all item types. The remaining items, those in clusters A to 
H, were withheld in order to link subsequent IEA international studies to the 
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TIMSS study. Copies of the complete set of released mathematics items for 
Populations 1 and 2 are contained in Appendices I and II respectively. 
Mathematics content of test booklets 
The rotation of item clusters assured that some items were included in all 
booklets (Cluster A) and that the response formats (multiple-choice, short-
answer and extended-response) were distributed across test booklets. In a like 
manner, the mathematical content within the test booklets was also distributed 
by suitable allocation of items to clusters as shown in Table 4-8.  
Table 4-8: Number of mathematics items in test booklets by reporting category 
(Population 1) (Adams & Gonzalez, 1996) 
 Booklet 
Reporting category 1 2 3 4 5 6 7 8 
Whole numbers 9 4 7 6 10 6 11 7 
Fractions and 
proportionality 9 6 10 4 8 4 7 8 
Measurement, estimation, 
number sense 9 4 9 5 8 4 6 3 
Data representation, 
analysis, probability 5 3 3 1 4 1 4 2 
Geometry 4 2 4 2 4 1 4 3 
Patterns, relations, 
functions 1 0 4 1 4 2 2 1 
Total 37 19 37 19 38 18 34 24 
The apparent inequality, in terms of number of items per booklet, is a factor of 
the response type for the items. For example, a multiple-choice or short-answer 
item is estimated to take one minute to answer, whereas an extended-response 
is estimated to take three minutes to answer at Population 1. The items were 
allocated to test booklets to make as equal as possible the testing time for each 
booklet. 
For Population 2 students, the estimated time to answer a multiple-choice item 
is one minute, a short answer item is estimated to take two minutes to answer, 
and an extended-response item is estimated to take five minutes to answer. 
Again, item allocation was designed to make as equal as possible testing time 
for each booklet. Item distribution details are shown in Table 4-9. 
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Table 4-9: Number of mathematics items in test booklets by reporting category 
(Population 2) (Adams & Gonzalez, 1996) 
 Booklet 
Reporting category 1 2 3 4 5 6 7 8 
Fractions and number 
sense 11 10 11 10 10 11 11 14 
Geometry 5 6 6 3 6 4 5 6 
Algebra 8 5 6 8 4 6 6 9 
Data representation, 
analysis, probability 5 4 4 6 7 6 7 5 
Measurement 5 5 6 4 6 4 4 3 
Proportionality 3 3 4 3 6 2 4 4 
Total 37 33 37 34 39 33 37 41 
Item scoring 
In the TIMSS, student responses to items were scored in two different ways. 
Responses to the multiple-choice and short-answer items were scored as either 
correct or incorrect, and responses to extended-response items were allocated 
a score category of fully correct, partially correct or incorrect. Extended-
responses were coded with a two-digit code to indicate the strategy used in 
correct answers or the type of error made in incorrect answers. 
Multiple-choice items, such as that shown in Figure 4.1, have a number of 
distractors. One of these is the correct response (distractor C) scored 1, and the 
other, incorrect, responses are scored 0. It is this loss, of potentially useful 
diagnostic information, that the present study seeks to explore in order to 
improve the reporting of large-scale assssment programmes. 
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Figure 4.1: Example TIMSS multiple-choice item I-1 (Population 1) 
(IEA, 1997a) 
 
Short-answer items, like that in Figure 4.2, were also scored 1 for the correct 
response and 0 for any incorrect response. 
Figure 4.2: Example TIMSS free-response item V-3 (Population 1) 
(IEA, 1997a) 
 
The TIMSS was the first major international assessment study to use 
constructed response items to measure student achievement in mathematics 
(Dossey, et al., 2002a). Constructed- or extended-response items were 
devised, and scored, to maximize information on student understanding. In 
order to capture this information, rubrics were developed to permit scoring 
student responses for correctness and capture the analytical information 
embedded in student responses and to: 
• be clear, distinct, and readily interpretable, and based on empirical 
data … to account for the most common correct responses, typical 
errors, and misconceptions. 
• be capable of encoding the adequacy of an explanation, 
justification, or strategy … 
(Dossey, et al., 2002b, p. 21). 
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These criteria were based on the recommendations of the Scandinavian TIMSS 
groups, that the free-response items should have, inter alia, ‘[D]iagnostic 
information … included … to help coders understand how students might have 
reasoned’ (Lie, Taylor, & Harmon, 1996, p. 7-3). Figure 4-3 shows an example 
of a TIMSS extended-response item. 
All extended-response items were trialled and student responses analyzed. 
From this information, scoring rubrics were constructed for each item (Dossey, 
et al., 2002a). Regional training workshops were held for personnel who were to 
supervise the coding of these free-response items and the present author 
attended the training session held in Wellington, New Zealand, in October 1994. 
This training was to ensure a higher degree of rater reliability in the final 
marking of these items. 
Extended-response items were scored with a two-digit code, where the first digit 
indicated the degree of correctness (partial credit) for a response to the item, 
and the second digit indicated which category of response was given by the 
student (Dossey, et al., 2002b). The coding shown in Figure 4.4 is for the 
Population 1 item V4a, shown below in Figure 4.3. 
Figure 4.3: Example TIMSS extended-response item V-4a (Population 1) 
(IEA, 1997a) 
 
  71 
This example shows that the double-digit coding (the so-called Viking rubric) 
preserves both the degree of correctness of the student response as well as the 
type of the non-correct response. 
Figure 4.4: TIMSS extended-response item V-4a (Population 1) Coding  
(IEA, 1997a) 
 
Disadvantages of using several item types 
Test booklets containing a mixture of these three different item types would 
inevitably require different amounts of time for students to respond adequately 
and would be unfair to students within a standardized test administration. To 
remedy this, the TIMSS test booklets were constructed to make testing time as 
equal as possible for each booklet, although this was less true for the 
Population 2 booklets than the Population 1 booklets (Gonzalez, et al., 1997).  
This form of test construction has serious implications also for the analysis and 
reporting of student achievement. For example, students would be attempting a 
different number of items depending upon which ‘mixture’ of item types in their 
test booklet. As Gonzalez et al. (1997, p. 170) note, the ‘total number of items 
on any test booklet is adequate for providing reliable scaled scores if the pool of 
items is considered to be uni-dimensional and a single mathematics … score is 
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computed’ (p. 168). However, they go on to point out that ‘the number of items 
from any one [reporting] scale on a booklet has typically less than ten … [which 
is]… insufficient for providing reliable estimates of individual students’ abilities.’ 
(p. 169). Further, the large number of students achieving perfect (maximum) or 
zero scores, for which no finite ability estimate can be made, is cited as a major 
reason for not employing a simple, uni-dimensional Rasch approach, and 
Estimated A Posteriori (EAP) methods are suggested as an alternative (Martin, 
Gregory, & Stemler, 2000).  
On the other hand, the results of the TIMSS could be reported at the item, 
rather than student, level, but it was suggested that reporting at the item level 
would lead to an extremely large compendium of statistics (Gonzalez, et al., 
1997, p. 170) and, that would be, presumably, unwieldy. These reasons were 
strong influences in the decision to seek alternative approaches for the analysis 
of the TIMSS student data and these are examined in later sections. 
Summary 
A suitable data-set for this study must have validity: that is, student responses 
should be those that provide reliable information about the achievement of the 
sampled students on the construct of interest. Further, this suggests that the 
items should be those that provide good formative information about the 
achievement of the sample students.  
The face and construct validity of the TIMSS items are strong, as the 
development of the items through international consensus, and the use of 
subject-matter experts, ensured that the items, as a set, were acceptable to 
both the governments of the participating countries, and the international 
mathematics education experts involved in the preparation of the TIMSS. 
Representatives of countries involved in TIMSS had opportunities to veto items 
that they considered could be unfair to their students, and the final set of items 
represent the final, internationally-agreed, consensus. 
In a study of strategies for providing formative information, assessment items 
must have embedded within them formative information to ensure inferences 
about, and descriptions of, student understanding. The use in the TIMSS of 
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free-response items and the ‘Viking rubrics’ ensures that many, if not most, of 
the TIMSS items provide some formative information. 
To provide reports that are of any practical, informative use, the dataset for this 
study must satisfy the following three criteria: 
• Assessment items that have credibility within the education assessment 
community; 
• A sufficiently large set of student responses to provide reliable inferences 
about student understanding; and 
• A sufficient number of items, of all types, with embedded formative 
information. 
Taken at face value, the TIMSS items satisfy all criteria, but the preparation of a 
suitable data-set from the TIMSS data will show whether or not this is actually 
the case. The following chapters describe how the data-set was prepared for 
use, and how well the final data-set satisfies the criteria above. 
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Chapter 5 
The Student Sample 
The data for the Third International Mathematics and Science Study 
were collected from participant groups from 42 countries. These data 
consisted of both achievement data and background information on 
beliefs, attitudes, practices, and achievements of those involved in 
teaching or learning mathematics. This chapter examines details of 
the Australian sample relevant to the study. 
The TIMSS participants 
The complete TIMSS database contains a large amount of primary data from 
three levels of respondent: the school principal, teachers, and students. In the 
case of students, these data are of student responses to questions about 
themselves (for example, sex, attitude to mathematics) and their responses to 
the TIMSS mathematics items. Also in the database are student achievement 
scores (for example, scores on the International TIMSS achievement scale). 
Details of the complete set of TIMSS variables are provided by Martin, Gregory, 
and Stemler (2000). 
The TIMSS International Database for the Primary and Middle School Years 
(Gonzalez & Smith, 1997) contains data collected in 42 countries in 1994 and 
1995. The data are from two populations of students: Population 1 consisted of 
9-year-old students (in Years 3 and 4) and Population 2 of 14-year-olds (Years 
7 and 8). In the database and User Guide, as well as all the TIMSS reports, the 
year levels are recorded and reported as Lower (e.g. Year 3) or Upper Grade 
(e.g. Year 8).  
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Participating countries 
Countries participating in the TIMSS are in these two tables.  
Table 5-1: Participating countries, Population 1  
(Lokan, et al., 1997) 
Australia Japan 
Austria Korea 
Canada Kuwait 
Cyprus Latvia 
Czech Republic Mexico 
England Netherlands 
Greece New Zealand 
Hong Kong Norway 
Hungary Portugal 
Iceland Scotland 
Indonesia Singapore 
Iran Slovenia 
Ireland Thailand 
Israel USA 
Italy 
 
Table 5-2: Participating countries, Population 2  
(Lokan, et al., 1996) 
Australia Denmark Ireland Norway  
Austria England Israel Mexico  
Belgium 
(Flemish) France Japan Portugal Spain 
Belgium 
(French) Germany Korea Romania Sweden 
Bulgaria Greece Kuwait Russian Fed. Switzerland 
Canada Hong Kong Latvia Scotland Thailand 
Colombia Hungary Lithuania Slovak Rep USA 
Cyprus Iceland Netherlands Slovenia  
Czech 
Republic Iran New Zealand South Africa  
The User Guide also reports details of instrument design, sampling weights, 
data collection processes, scaling procedures and analyses.  
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The TIMSS sampling strategy 
The TIMSS had a two-stage stratified cluster sample design (Gonzalez & Smith, 
1997, p. 3-4; Martin & Kelly, 1997a): the first stage was a sample of schools 
within a country, and the second a sample of students within a school. The 
students were in classes randomly selected from within a school’s classes at 
Years 3 or 4 for Population 1, or from Years 7 or 8 for Population 2. 
Participating countries could exclude students from the sample when deemed 
appropriate. The exclusions included mentally or functionally disabled students, 
or students who were non-native language speakers or readers. (See Gonzalez 
& Smith, 1997, p. 3-5 for complete details of the exclusion rules). 
The Australian sample 
The Australian TIMSS sample comprised: 11 248 students in 542 classes in 
179 schools for Population 1 (Lokan, et al., 1997), and 13 704 students in 587 
classes in 180 schools for Population 2 (Lokan, et al., 1996).  
At Population 1 students were sampled from two upper grade (Year 4) class per 
school and one randomly selected lower grade (Year 3) class per school except 
in Queensland, South Australia, Western Australia, and the Northern Territory, 
where, two classes were sampled per school. Students were in two randomly 
selected classes per school at Year 8 for Population 2, and one lower grade 
(Year 7) class except in Queensland, South Australia, Western Australia, and 
the Northern Territory, where, two classes were sampled per school (Martin & 
Kelly, 1997a, p. B-3).  
These samples were drawn from 7588 Australian primary schools with 495 803 
students, and from 2341 Australian secondary schools with 473 731 students. 
The distribution of the Australian sample schools and students for Populations 1 
and 2 were as shown in the next two tables. 
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Table 5-3: Australian sample of respondents for Population 1 
(Lokan, et al., 1997) 
  Number of students 
State or territory Schools Lower Grade Upper Grade 
NSW 30 714 1223 
VIC 24 540 805 
QLD 32 1102 1303 
SA 27 731 862 
WA 22 767 836 
TAS 20 369 609 
NT 12 283 324 
ACT 12 235 545 
Australia 179 4741 6507 
 
Table 5-4: Australian sample of respondents for Population 2 
(Lokan, et al., 1996, 1997) 
  Number of students 
State or Territory Schools Lower Grade Upper Grade 
NSW 32 763 1464 
VIC 33 759 1499 
QLD 30 1286 1256 
SA 25 1061 1000 
WA 26 1183 1133 
TAS 19 430 798 
NT 8 285 249 
ACT 7 188 350 
Australia 180 5955 7749 
The proportions of boys and girls in the Australian TIMSS sample in each state 
were as in the two tables below. 
Table 5-5: Percentage of girls and boys in the Australian  
sample by State or Territory for Population 1 
(Lokan, et al., 1997) 
 NSW % 
VIC 
% 
QLD 
% 
SA % WA 
% 
TAS 
% 
NT % ACT 
% 
AUS 
% 
Girls 48 54 49 51 49 48 53 48 50 
Boys 52 46 51 49 51 52 47 52 50 
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However, it is clear from Table 5-5 that the Australian sample overall for 
Population 1 had a well-balanced sample in terms of the two sexes. Two 
jurisdictions were more different: Victoria (a 8% point difference) and the 
Northern Territory (a 6% point difference). Both of these differences in the 
samples were in favour of girls. 
Table 5-6: Percentage of girls and boys in the Australian  
sample by State or Territory for Population 2  
(Lokan, et al., 1996) 
 NSW % 
VIC 
% 
QLD 
% 
SA % WA 
% 
TAS 
% 
NT % ACT 
% 
AUS 
% 
Girls 47 49 55 61 54 47 45 71 51 
Boys 53 51 45 39 46 53 55 29 49 
 
It is clear from Table 5-6 that the Australian Population 2 sample overall was not 
as well-balanced, in terms of the two sexes, as that for Population 1. While all of 
the jurisdictions varied from an equal representation of the sexes, two stood out 
for their extreme differences. These were the Australian Capital Territory (a 42 
% point difference) and South Australia (a 22% point difference). Both of these 
differences in the samples were in favour of girls. 
The data collected in Australia contained an over-sampling of schools from 
smaller states and of schools with high Indigenous student enrolments to 
ensure sufficient data for sub-group reporting, for example, by state or by 
Indigenous status. The detail of this aspect of the Australian TIMSS sample is in 
Lokan et al. (1996). 
Summary 
A key criterion for a data-set, that will provide reliable information about student 
achievement, is that it be of the responses of a large and representative sample 
of the population of interest. It is clear that the Australian sample which 
responded to the TIMSS items, is a representative sample of Australian 
students, and is large enough to ensure reliable statistical properties of an 
analysis of their responses. This conclusion is based on the sampling strategy 
employed by the TIMSS, which was a two-stage, stratified design, with the first 
stage a random sample of schools and the second stage a sample of students 
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from classes randomly selected from within the school. This ensures that 
responses of the sample, to the assessment items, provide a reliable ‘picture’ of 
the student population in general. 
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Chapter 6 
Data Preparation 
To be of use data must be prepared to ensure that analyses can be 
undertaken. For the purposes of this study this included the 
extraction of data on relevant background variables and student 
achievement. In order that inferences about student understandings 
can be made, assessment items need to be examined to determine 
which of their scoring codes contain formative information. This 
chapter presents the details of this examination and preparation. 
Data 
The data for this study are of two different types. The first, and major, of these 
types, is the set of released TIMSS items per se. Substantive data on the 
TIMSS items, such as their mathematical content, is contained in the set of 
released items for each of Population 1 and Population 2 (IEA, 1997a, 1997b). 
Further, the scoring schemes for these items provide the potential for 
constructing descriptions of student performance. 
The released items form the bulk of the TIMSS items, and are available for 
research use. Details of the content and structure of the remaining (secure) 
items are not publicly available. 
The second data type, and that which enables the estimation of difficulty 
information on the items, is the data from Australian students’ responses to the 
items. This is required to enable the analysis for this study and prepare 
summative-formative reports. Details of this second data type are contained in 
the TIMSS International Database and is described in the User Guide for the 
TIMSS International Database, Primary and Middle School Years (Gonzalez & 
Smith, 1997). 
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Item data preparation 
The preparation of the TIMSS items consisted of the following stages: 
• Creating a complete working set of items; 
• Analyzing the formative information of all multiple-choice items; 
• Analyzing the formative information of free-response and 
extended-response response codes; 
• Recoding of all item codes to provide formative information;  
• Creation of a database of formative information on all items; and 
• Preparing the TIMSS data files for analysis. 
Although all items have published difficulty parameters, formative information 
can be extracted only from the items in the released sets, as the details of the 
secure items are not available. A consequence of this is that a ‘complete’ set of 
items does not contain the TIMSS items in clusters A to H, but contains items 
only from the remaining clusters. Table 6-1 shows the numbers of each item 
type in the released item sets for Populations 1 and 2. 
Table 6-1: Number of mathematics items in released item sets by type 
 Number of items 
 Multiple-choice 
Free-
response 
Extended-
response 
Population 1 42 15 8 
Population 2 76 19 7 
Total 118 34 15 
Creating a complete working set of items 
The TIMSS released item sets are available as pdf files on the Internet from the 
IEA at http://www.bc.edu/timss. Both sets (Populations 1 and 2) were printed 
from this site and bound for ease of handling. Appendices I and II contain 
copies of the released TIMSS items, while other pertinent details of the 167 
items are provided in Appendices III and IV.  
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These latter two appendices show for each item: 
• the item number; 
• a brief description;  
• its content category; and  
• its response format.  
The brief descriptions, derived from the item statements, are not intended for 
use as formative explanations of student strategies or understandings, but as 
an aide memoire to facilitate later discussions of items. Content categories are 
indicative of the curriculum focus of each item, and response formats are 
multiple-choice, short answer or extended response. 
Appendices III and IV also identify those items used at both Population 1 and 
Population 2, the so-called ‘link’ items, that enable all items to be located on the 
same scale. The link items are shown in bold face in these appendices and are 
summarized in Table 6-2. Note that the Population 2 item E06 was not released 
and so is not used in this study, leaving only five link items. 
Table 6-2: Link items with their Population 1 and 2 names. 
Pop 1 
Item 
number 
Description 
Pop 2 
Item 
number 
I09 Subtraction of four-digit 
numbers 
R12 
K07 Length of rectangle E06 
L02 Chance of picking red 
marble 
M03 
L04 Shapes in a pattern L13 
L08 Who had the longest 
pace? 
L12 
U02 Fraction larger than 2/7  I06 
Analyzing multiple-choice items 
For every multiple-choice item the incorrect distractors were examined to establish 
whether, or not, it was possible to infer what possible strategy led a student to select 
it. In other words, what student mis-understanding or incorrect procedure could be 
inferred from selection of that distractor: this is referred to as a formative analysis of 
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the distractor. These inferences could later be used to develop the formative aspect 
of the proposed reporting format. 
Some distractors were selected by a small percentage of the TIMSS respondents 
and thus would contribute little formative information at the reporting stage of the 
study. The rule-of-thumb employed was to disregard distractors selected by five per 
cent or fewer respondents; this figure is based on the fact that five per cent 
represents about one student in a class of twenty-five students. Figure 6.1 shows an 
example of a multiple-choice item. 
Figure 6.1: TIMSS Population 1 item I-2 (International Association for the Evaluation 
of Educational Achievement, 1997a) 
 
A possible formative analysis of the distractors of this item suggests that students 
who select: 
• distractor A appear to disregard the decimal point, and consider the 
numeral 0.4 to be simply 4; 
• distractor B are correct; 
• distractor C do not know place value to the right of the decimal point; 
and 
• distractor D interpret a decimal fraction as a unit vulgar fraction. 
Further details of these types of mis-understandings are provided by, inter alia, Doig 
and Lindsey (2002). However, it must be remembered that while these inferences are 
hypothetical, the over-arching aim is to construct a scale with formative information 
on it: the quality of the formative information is, from this perspective, not critical. 
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Analyzing free-response item response codes  
The TIMSS contained two types of free-response items: short answer items and 
extended-response items. Short answer items were coded in TIMSS as either correct 
or incorrect in the same manner as multiple-choice items. However, incorrect 
responses were coded, wherever possible, to indicate the type of mis-understanding 
that a response indicated. These two-digit codes (70 to 79) are structured so that the 
first digit (7) indicates an incorrect response, and the second digit (0 to 9) the type of 
mis-understanding implied by the response (Dossey, et al., 2002b). These response 
codes were analyzed, for this study, to ascertain the likely mis-understanding behind 
each response. Again, as for the multiple-choice items, responses given by five per 
cent or fewer students were disregarded and coded appropriately. Figure 6.2 shows 
a short answer response item, L-16 from Population 2, and this is followed 
immediately by Figure 6.3, that shows the TIMSS response codes for the same item 
(L-16). 
Figure 6.2: TIMSS Population 2 item L-16 (IEA, 1997b) 
 
 
Figure 6.3: TIMSS Population 2 item L-16 response codes (Gonzalez & Smith, 1997, 
pp. 9-4) 
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The TIMSS analysis of the response codes for this item suggests that students 
whose responses were coded as: 
• 10 are able to respond correctly, but their thinking, correct or incorrect, 
is not revealed; 
• 70 are likely to have problems with the sign of transposed elements of 
the equation; 
• 71 have made an error in the arithmetic, guessed, or misinterpreted the 
question; 
• 72 have not completed the solution (for example, 5x = 5), or did not 
know what sort of solution was required; 
• 79 do not have a clear idea of how to solve this type of problem; and 
• 90 and 99 do not have any strategy for solving this type of problem. 
Again, while the TIMSS experts have tried their best to provide useful formative 
information, the goal, at the present time, is to develop a useful described formative-
summative scale.  
It is clear from the example (item L-16) that not all the TIMSS codes provide 
complete formative information and a closer examination of these codes may be 
needed to provide more detail. For example, Code 70 in the above example, records 
those responses that were 1, 2.3, or 3. A detailed examination of the equation 
reveals that for a student to obtain an answer of: 
• 1 requires the retention of the original sign of number elements in the 
equation while exchanging the sign of the variable (that is, 10x – 5x = 
20 – 15); 
• 2.3 requires ignoring the sign of the equation elements and make them 
positive in all cases (that is, 10x + 5x = 20 + 15); and 
• 3 requires either, an error in addition combined with ignoring the signs 
of elements, or retaining the signs of elements and confusing a division 
result when finding x (that is, 15x = 5 ⇒ x = 3) 
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In the case of extended-response items, a similar procedure was followed in TIMSS 
as that used for short answer items. Figure 6.4 gives an example of an extended-
response item, item T-1 from the Population 2 item set. 
Figure 6.4: TIMSS Population 2 item T-1 (IEA, 1997b) 
 
 
The codes (70 to 79) for an incorrect response to Part A (correctness of response) for 
this item are shown in Figure 6.5. 
Figure 6.5: TIMSS Population 2 item T-1, Part a (correctness) response codes 
(Gonzalez & Smith, 1997, pp. 9-4) 
 
The partially correct responses provide some insight into the difficulties that students 
have with items of this type, and as such these codes add to the formative 
information provided by these extended-response items. Furthermore, the response 
codes for incorrect responses, 70 through to 72, provide a good deal of formative 
information for the students’ incorrect responses.  
An analysis of these codes suggests that students whose responses were coded: 
• 70 are likely to have ignored the specified difference between the 
boxes, and simply found two masses that add to 54kg; 
• 71 have simply subtracted 12kg from 54kg and arrived at 42kg; 
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• 72 have found two amounts that differ by 12kg, and add to 42kg, which 
is 12kg less than 54kg; 
• 79 do not have an explainable strategy for this type of problem; and 
• 90 and 99 do not have any strategy for solving this type of problem. 
As this type of item allows students to show their response strategies, a further set of 
codes were used in TIMSS to record these strategies. Figure 6.6 shows the response 
codes for the coding of the student’s method of response to item T-1 Part b, (‘show 
your work’).  
Figure 6.6: TIMSS Population 2 item T-1, Part b (method) response codes 
(Gonzalez & Smith, 1997, pp. 9-4) 
 
As can be seen, for this aspect of the item (dealing with response method) the codes 
are explicit for the three strategies giving correct responses, but not for the incorrect 
strategy responses.  
Thus, in the case of extended-response items, both the correctness and method 
response codes need to be combined to provide the maximum formative information 
available from the TIMSS item sets.  
Creating a database of formative information 
In a study of strategies for providing formative information, assessment items must 
have in their distractors (or in the case of open response items, in their response 
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codes) formative information to ensure inferences about, and descriptions of, student 
understanding can be made. The distractors of many of the TIMSS multiple-choice 
items allow inferences to be made about student mis-understandings, and the use in 
the TIMSS of extended-response items, and the ‘Viking rubrics’ for scoring them, 
ensures that many of the TIMSS items may provide formative information.  
However, the extent of these inferences is dependent upon the nature of the 
distractors and, as has been noted by Doig and Lindsey (2002), is not consistent 
across every item. A detailed analysis of all the TIMSS multiple-choice items is 
required to determine which items, and their distractors, contribute formative 
information on student understandings. Thus, a formative analysis of all distractors 
for the TIMSS released items, for both Population 1 and Population 2, was 
undertaken to create a detailed list of formative descriptions for all distractors and 
codes for student responses.  
These descriptions were entered onto a spreadsheet to form the database required 
for item recoding during item analysis, and for the scale description that enables 
descriptions of student understandings, the basis for a formative report (Doig & 
Lindsey, 2002).  
This database of formative information is in Appendix V. Two typical entries from this 
database are shown in Figure 6.7. As can be seen from the examples, the 
hypothetical inferences for all items, are combined from both the TIMSS team and 
the present author. Further, in many instances, the inference and the generalized 
description are the same. However, future research may contribute more detailed 
inferences and more useful generalized descriptions, but at this stage, Appendix IV 
contains a useful guide for examining the possibilities for fomative-summative scale 
creation. 
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Figure 6.7: Two examples of items and their formative information 
Pop 
1 Code Response Description Inference Generalized description 
V04a 20 Mysong 64, 55 shown (or the 
difference 9) 
Understands addition of two-digit 
numbers 
Understands addition of two-digit 
numbers 
V04a 10 Mysong Either 64 ot 55 not both Understands addition of two-digit 
numbers 
Understands addition of two-digit 
numbers 
V04a 11 Mysong No explanation Understands addition of two-digit 
numbers 
Understands addition of two-digit 
numbers 
V04a 12 Mysong 64, 55 shown with 
unsatisfactory explanation 
Understands addition of two-digit 
numbers 
Understands addition of two-digit 
numbers 
V04a 13 Mysong 64, 55 shown with no 
explanation 
Understands addition of two-digit 
numbers 
Understands addition of two-digit 
numbers 
V04a 19 Other Mysong responses Understands addition of two-digit 
numbers 
Understands addition of two-digit 
numbers 
V04a 70 Neither win Poor understanding of addition of two-
digit numbers 
Does not understand addition of two-
digit numbers 
V04a 71 Naoki with or without explanation Poor understanding of addition of two-
digit numbers 
Does not understand addition of two-
digit numbers 
V04a 79 Other incorrect (including ‘both 
won’) 
Poor understanding of addition of two-
digit numbers 
Does not understand addition of two-
digit numbers 
Pop 
2 Code Response Description Inference Generalized description 
I01 A Smallest of any three numbers Does not understand an algebraic 
expression 
Does not understand an algebraic 
expression 
I01 B Correct Understands algebraic expressions Understands algebraic expressions 
I01 C Largest of any three numbers Does not understand an algebraic 
expression 
Does not understand an algebraic 
expression 
I01 D Does not fully understand the 
problem 
Does not fully understand an algebraic 
expression 
Does not understand an algebraic 
expression 
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Summary 
This chapter has shown that, although the TIMSS items are freely available for public 
use, they still require some considerable attention before they may be useful for some 
applications, the present one being a case in point.  
All multiple-choice items have had their distractors examined and hypothetical 
inferences drawn, and the TIMSS Viking Rubrics entered into Appendix IV that details 
all relevant information for every released TIMSS item. 
As the goal is to provide formative information, rather than simply summative, the 
investigation of individual distractors of the multiple-choice items, and of the details of 
the two-digit codings (Viking Rubrics) for open-response items, is essential and needs 
to be undertaken with care. However, as suggested by Doig and Lindsey (2002), and 
more recently by Briggs et al. (2006), if items were to be constructed with a formative 
perspective from the outset, then this distractor analysis would be un-necessary. 
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Chapter 7 
The Preparatory Analyses 
In order to use the data from the Third International Mathematics 
and Science Study in later analyses, some preparatory analyses 
were conducted to ensure that later construction of overall scales 
and sub-scales, would provide the best information possible. This 
chapter describes the reasons for undertaking particular analyses 
and the results of these analyses. 
Analyses 
As described earlier, the analysis of student responses to the TIMSS items 
had been complicated, inter alia, by the small number of items from each 
reporting category in each test booklet, and the large proportion of perfect and 
zero scores. Gonzalez and his colleagues (1997) state that the number of 
items from any one scale was ‘typically less than ten’ (p. 169). In their 
example from Population 2, for the Fractions and Number Sense scale, the 
average number of items per booklet was eleven, but the number of items per 
booklet for the other scales was ‘closer to five and in many cases lower’ 
(p. 169). 
The final decision made, in TIMSS, with respect to an analytic strategy that 
would overcome these problems, was to use the multi-dimensional random 
coefficients multinomial item response model, developed by Adams, Wilson 
and Wang (2010). This is ‘a generalised multi-dimensional Rasch item 
response model’ (Wu, Adams, & Wilson, 1998, p. 129). The technical details 
of the model are provided by Adams, Wu, and Macaskill (see, Gonzalez, et 
al., 1997, p. 182). This model was subsequently released as part of the ACER 
ConQuest software (Wu, et al., 1998a; Wu, et al., 2007). 
Student achievement estimates were produced in a two-step procedure. The 
first step focused on item statistics and item calibrations derived from the data 
from only those students who had had the opportunity to attempt the items. 
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This was accomplished by treating omitted responses as incorrect and 
treating not reached items as missing data (that is, not incorrect) (Martin, et 
al., 2000). Items with partial credit scoring were treated similarly to 
dichotomous items in that only the first digit of the two-digit correct, and 
partially correct, codes were used to estimate item difficulties, and all codes 
for other responses (for example, in Figure 4.3 the two-digit codes beginning 
with 7 or 9) treated as incorrect responses. 
In the second step, student ability was estimated with item difficulties 
anchored (not re-estimated) from the first step and all non-correct responses 
treated as incorrect (that is, omitted and not reached items were treated as 
incorrect) (Gonzalez, et al., 1997). This provided student estimates based 
solely on correctness, as no partial credit for partially correct responses was 
given, and all other non-responses were taken as incorrect. In this way, the 
student estimates were as rigorously estimated as possible: a clearly 
summative perspective of achievement. 
These achievement scores were transformed into an international 
achievement scale suitable for international comparisons. The analytic 
procedures are described fully in Martin et al. (2002) and Gonzalez et al. 
(1997) 
The need for a Preparatory analysis 
As described earlier, the Australian student responses, to the TIMSS items for 
Population 1 and Population 2, are available from the TIMSS 1995 web-site 
as text files, where they are provided separately for each population. These 
two data-files together form the student data-set for this study.  
A preparatory analysis of this data-set was necessitated by the fact that in the 
TIMSS data-base: 
• student responses to all the items used by the TIMSS are 
included, but that only the released items are detailed; 
• student ability estimates are provided on a scale, based on all 
available data from both released and un-released items; and  
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• student ability estimates are reported as Plausible Values. 
Each of these points, and how it was addressed, is detailed in the sections 
that follow.  
Un-released item details 
The first point is that for the released items, both the question details and 
response codes are available (Gonzalez & Smith, 1997). Information about all 
other items (the un-released items) is restricted to a short title, a list of the 
valid codes, and, for multiple-choice items, an answer key. For example, Item 
BSMME06, is described by ‘What is the length of rectangle’, the key (B), and 
the list of valid codes (A, B, C, D, 6, 7, 8, 9). All items in clusters A to H are 
described in like manner. There were no open-response mathematics items in 
the un-released item sets for either Population 1 or Population 2. (See the 
item code-books for the item details at 
http://timss.bc.edu/timss1995i/Database.html#DBcodeBooks).  
It is important to note that it is not possible to interpret any of the student 
responses for the un-released items. For example, a correct response to item 
BSMME06 tells one nothing about which abilities were needed to answer 
correctly: did the item require calculating the length of a rectangle given the 
perimeter and one side length? Or, was the area given, together with one side 
length? Or, was there some other information given?  
Without knowing this, it is not possible to give a diagnostic interpretation of 
either the correct, or, incorrect, responses. These unreleased items were 
deleted therefore from the Preparatory data-set, with the exception of items in 
item Cluster A (see below for reasons for this exception).  
A new scale 
The second point is that the student ability, and item difficulty, estimates are 
based on all responses to all items. However, for the purposes of this study, 
only the released items are available in a form that can be useful. That is, as 
described in the previous section, the details of distractors for multiple-choice 
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items, and codes for open response items, are available only for released 
items. It was decided, therefore, to construct an ‘Australian’ scale, with both 
populations of students, and all released items on a single scale, based solely 
on Australian student responses to the released items. This, in essence, 
would be a local version of the TIMSS International Scale, and provide an 
example of a useful reporting and feedback information format.  
This new scale would be a sub-scale of the original TIMSS scale1, which was 
based on a sample from the TIMSS student population with representatives 
from all participating countries, if the new scale was created by using either 
the original item estimates, or the original case estimates, as a way of linking 
the two scales. However, the strategy selected was to use the Australian case 
(student ability) estimates as the basis for the new scale. These case 
estimates would provide (Australian student) abilities that could be used to 
produce item difficulty estimates based solely on Australian students’ abilities. 
Further, the use of link items (see the later section) would ensure that the 
items from both populations were on the one scale. Theoretically, this scale, 
the Australian scale, would be similar, but not identical to, the original TIMSS 
scale, as it would be constrained by the link items, but not by all items used 
originally. These Australian scale item difficulty estimates could be used later 
to re-analyze the student responses and place the ability estimates on this 
new scale. 
In order to produce this Australian scale, the student response data-set, and 
the student ability estimates (case estimates) provided in the TIMSS database 
(Gonzalez & Smith, 1997) needed to be extracted from the data-base and 
prepared for use in the analyses. Details of these processes are in the 
following sections. 
Link items 
A key issue in establishing a single scale from two population-sets of 
responses and two sets of items, is the availability of link items. In all, six 
items were common to each population item-set for this purpose. These items 
                                            
1 (see, Adams, et al., 1997, for details of the procedures used). 
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were administered to students in both populations, and their respective 
population identities are listed in Table 7-1.  
Table 7-1:  Link items for Population 1 and Population 2 
Pop 1 
Item name Description 
Pop 2 
Item name 
I09 Subtraction of four-digit 
numbers 
R12 
K07 Length of rectangle E06* 
L02 Chance of picking red 
marble 
M03 
L04 Shapes in a pattern L13 
L08 Who had the longest 
pace? 
L12 
U02 Fraction larger than 2/7  I06 
*:Note that E06 is not a released item  
In addition to the link items, above, the items from cluster A, for each 
population, although not released, had been administered to all students in 
that population, and therefore constituted a small set of five within-population 
link items. These were included in the data-set to improve estimates, given 
the sparseness of the data-set, although not contributing anything to the 
diagnostic information pool nor to the equating of the two population scales.  
Plausible values 
A final point is that in the TIMSS database, student ability estimates are 
provided as five plausible values (Gonzalez & Smith, 1997). Plausible Values 
were first developed for the analyses of the data from the 1983-84 National 
Assessment of Educational Progress (in the USA), by Mislevy, Sheehan, 
Beaton and Johnson (Wu, 2004, p. 976). Plausible values have been used in 
all subsequent NAEP surveys, as well as TIMSS and PISA. According to the 
American Institutes for Research (www.air.org): 
Plausible values are imputed values that resemble individual 
test scores and have approximately the same distribution as 
the latent trait being measured … Plausible values represent 
random draws from an empirically derived distribution of 
proficiency values that are conditional on the observed 
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values of the assessment items and the background 
variables. The random draws from the distribution represent 
values from the distribution of scale scores for all students in 
the population with similar characteristics and identical 
response patterns. These random draws or imputations are 
representative of the score distribution in the population of 
people who share the background characteristics of the 
individual with whom the plausible value is associated in the 
data. 
(Cited by Wu, 2004, p. 976) 
Or put more simply, ‘[T]hese values represent five separate estimates of the 
[NAEP] score the student would have obtained if he or she had completed the 
entire assessment’ (Greenberg, 2004, p. 12). Wu (2004) describes a 
simulation that produced a comparison between five Plausible Values and a 
direct estimation with a synthetic data-set. Her results showed that ‘[P]lausible 
Values … do a better job for estimating the population variance’ (Wu, 2004, p. 
978) than a Maximum Likelihood Estimation, and that the plausible and direct 
case estimations were extremely close. 
It must be noted that, as Monseur and Adams (2009) stress, ‘plausible values 
are not test scores and should not be treated as such … [and] as a set they 
are better suited to describing the performance of the population than is a set 
of scores that are optimal at the individual student level’ (2009, p. 325) (italics 
in the original). Further, they state that ‘plausible values are intermediate 
values that are provided so that consistent estimates of population parameters 
can be obtained’ (2009, p. 325). 
The five Population 1 and five Population 2 Plausible Values (Gonzalez & 
Smith, 1997) were averaged for each student, as in the research by Wang 
(2009a). In the first phase of the Preparatory analysis these average plausible 
values were used to create a case anchor file for use in a second preparatory 
phase Rasch analysis.  
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The figures shown in Table 7-2 are the means and standard deviations for the 
five plausible values for each population.  
Table 7-2:  Student plausible values for Populations 1 and 2 
 PV1 PV2 PV3 PV4 PV5 
Mean Pop 1 0.27 0.28 0.27 0.27 0.28 
SD Pop 1 0.96 0.95 0.96 0.96 0.96 
N = 11 248      
Mean Pop 2 0.24 0.24 0.24 0.24 0.24 
SD Pop 2 0.95 0.95 0.95 0.95 0.96 
N = 12 852      
Note that the mean Plausible Values drawn for both Population 1 and 
Population 2 students exhibit an extremely high consistency, with only a very 
small difference (one hundredth of a logit) in two of the Population 1 values 
(PV 2 and PV5). 
Data-set preparation 
In order to prepare this data-set for the Preparatory and other analyses, the 
data-files ASAAUS1.DAT (Australia Population 1) and ASAAUS2.DAT 
(Australia Population 2) were down-loaded from the TIMSS Internet site at: 
http://timss.bc.edu/timss1995i/Database.html. The code-books for these files, 
which provide details of file layouts, were also down-loaded from this site for 
reference.  
However, the data-files needed considerable modifications before they were 
suitable for use. The first modification was to remove those variables that 
were not required for future analyses: these were, File Version Number, 
Country ID, Stratum ID, School ID, Class ID, Indicator of Excluded Student, 
free response Coder ID variables, and student participation status variables. 
All derived variables, such as Standardized Math Raw Score and National 
Math Rasch Score, were also deleted. For details, and recommendations 
about the use of the derived variables, see Gonzalez and Smith (1997).  
The second major action was to remove data for the un-released items, for 
reasons outlined previously. This meant that a total of 69 Population 1 items, 
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116 Population 2 items, six link items, and eleven cluster A items formed the 
complete Preparatory item set. 
These remaining data were imported into Microsoft Excel for modification for 
each of the analyses. This procedure was conducted separately for 
Population 1 and Population 2 because of the size of the data-set (24 100 
records by 180 columns). While Microsoft Excel has excellent editing 
properties, such as text editing, find-and-replace, and column re-arrangement 
and deletion, which makes it useful for dealing with text data files, the size of 
the data-set meant that the software struggled to complete some commands 
at a reasonable pace, or in some cases, at all. 
Final data-set modifications 
The final modification made to the data-set, for the purpose of the Preparatory 
analysis, was that open response items, that originally had two-digit codes, 
were converted to single-digit coded items, in the manner shown in Table 7-3. 
This procedure follows that of the original TIMSS analysis. 
 
Table 7-3:  Modified data for Analysis 1 
Original Codes Modified Codes 
30, 20, all 1_ (10, etc) 1 
All 7_ (70,71, etc) 0 
All 9_ (90, 99, etc) 9 
This modification resembled that of the original TIMSS data analysis 
procedure (Adams, et al., 1997), and was completed through repeated use, 
for all items, of find-and-replace commands for changes as set out in Table 
7-3 above. In the revised coding scheme, 1 meant a correct answer, 0 an 
incorrect answer, 8 the item was not administered to that student, and 9 
indicated missing data. Some of these commands took several hours to 
complete, including some that had to be repeated many times (for example, 
replacement of the two-digit coded responses by single codes).  
At the end of these processes the data-set was in a dichotomous form (only 
correct and incorrect scores), and ready for the Preparatory and the First 
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analyses. For identification purposes, this data-set was named the 
Preparatory data-set.  
Preparatory analysis Phase One 
The details of the analysis in the first Preparatory phase of this analysis are 
shown by the Quest (Adams & Khoo, 1996) Control file in Figure 7.1. 
Figure 7.1:  Phase 1 Quest control file for the Preparatory analysis 
 
 
 
 
 
 
 
 
 
 
This control file provided these details for running the first analysis phase: 
Line 1 provides a title for the output; 
Line 2 asks for a log of actions to be recorded; 
Line 3 requests a particular page width for printing; 
Line 4 specifies the name of the data file to use; 
Line 5 specifies what values in the data-file are valid;  
Line 6 tells the Quest program what information is in which 
column of the data-file. Note that not all details are needed for 
this analysis but may be for future analyses. 
Line 7 imports the file containing the Item names; 
Line 8 imports the case anchor values (the mean plausible 
values); 
Line 9 requests that case and item estimates be calculated 
(although in this case only items will be as cases are anchored); 
Line 10 asks that an Item Analysis (Itanal) be performed, giving 
details of the items (see Figure 7.2 for part of this file); 
Line 11 asks for details of the items be exported in a suitable 
1. Title Preparatory Phase 1 
2. set logon >-prep.log 
3. set width=132 ! page 
4. data preparatory.dat 
5. codes 01 
6. format name 1-8 grade 9 sex 11 items 13-197 
7. item_names<<items.nam 
8. anchor ! cases<<case1.anc 
9. estimate ! iter=100 
10. itanal>- prep.itn 
11. show items ! form=export; delimiter=tab >-prep.itm 
12. show items ! form=anchor>-prep.anc 
13. quit 
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Item    1: 1A01                                Infit MNSQ = 0.82 
Categories        0 [0]     1 [0]    missing 
Count             1876      9179     13021 
Percent (%)       17.0      83.0 
Step Labels                   1 
Thresholds                 -1.05 
Error                             0.03 
form for Microsoft Excel and Word; 
Line 12 requests that an item anchor file be created for later use; 
and  
Line 13 ends the program. 
Figure 7.2 shows part of the Item Analysis (Itanal) output for item 1A01. This 
is interpreted in the following manner: 
• 1876 is the number of students who answered incorrectly 
(scored 0);  
• 9179 is the number of students who answered correctly 
(scored 1); and 
• 13 021 students were not administered, or failed to answer, the 
item (missing responses).  
Figure 7.2:  Part of the Itanal output for Item 1 (Pop1: I01) 
 
 
 
 
 
 
The threshold value is the point on the scale at which the item is located (the 
item difficulty). As can be seen, the item’s difficulty has been estimated at 
- 1.05 logits (the scale units) with a measurement error estimated at 0.03 
logits. The scale ranges from - 4 to +4. 
At this stage, the analysis has also created a file containing all the item 
estimates in a form that allows calculation of item-based statistics. Finally, an 
anchor file (prep.anc) was created that allows item values to be used in further 
analyses.  
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Model Fit to the data 
Importantly, a requirement of any analysis is that it is appropriate for the data. 
Usually, this is expressed in terms of the distribution of the data, and a 
common requirement is that data is normally distributed. However, in the case 
of a Rasch analysis, this situation is reversed. We must check that the data fit 
the model used: that is to say, that the data fit the model well enough that 
results and inferences can be considered genuine and useful. 
The degree of Rasch data-to-model fit is expressed by fit statistics. Adams 
and Khoo (1996) claim that ‘[W]hen data are compatible with the model, the 
expected value of the mean squares is approximately one’ (p. 24). Values that 
are less than one indicate that an item has greater than average 
discrimination, while values greater than one result from lower than average 
discrimination, guessing, or other deviation from the model. Bond and Fox 
(2001) provide further details of fit statistics and their interpretation. 
In Figure 7.2 this is shown in Quest output (Adams, & Khoo, 1996) as an Infit 
Mean Square value (MNSQ) and for Item 1A01 this is 0.82. The mean fit of all 
185 items was 1.01, with a Standard Deviation of 0.15, an acceptable degree 
of mis-fit, as the expected values are 1 and 0 respectively (Adams & Khoo, 
1996, pp. 24, 28).  
However, while these data appear to satisfy the above criterion overall, fit for 
twelve items fell outside the Adams and Khoo (1996) acceptable range, as 
shown in Figure 7.3, where each item is prefixed with its appropriate 
Population number (1 or 2). The two lines of vertical dots in Figure 7.3 are the 
boundaries for acceptable fit as defined by Adams and Khoo: they are set at 
0.77 and 1.3. Usually, all items outside this range would be deleted: and the 
analysis re-run. However, others suggest that their retention may be a better 
strategy.  
This position is supported, for example, by Masters (quoted in Bohlig et al 
1998) when he asks ‘Do test constructors drop items simply because they do 
not fit the Rasch model, and without considering the extent to which the 
remaining items represent the domain as originally conceptualized and 
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intended? … I don't know anybody who does this. There can't be many people 
who are in the luxurious position of having so many items that they can 
discard them on statistical grounds alone’ (p. 607). 
Further, Wright and Linacre (1994) ask ‘how much un-modelled noise is 
tolerable?’ (p. 307). They provide their rule-of-thumb, that allows, for ‘Run of 
the mill’ [multiple-choice items a range of] ‘0.7 - 1.3’ (1994, p. 307): but, 
Linacre adds a note to this article, recommending, on the basis of experience 
in analyzing many large data-sets, that [larger] mis-fit in the range of ‘0.5 - 1.5 
[is] Productive for measurement’ (p. 307). 
Further, in relation to the TIMSS item scaling, Adams et al. (1997) had this to 
say about items with a mean square statistic of less than one: ‘Misfit of this 
form [over-fit] is not usually deemed to be of concern’ (Adams, et al., 1997, p. 
121). Accepting this rule of thumb means that we would accept seven of our 
twelve mis-fitting items immediately, as they show over-fit (Wu & Adams, 
2007).  
However, the last word on the question of fit comes from Wu and Adams 
(2007) when they demonstrate the effects of sample size on fit statistics. Fit 
statistics (t values) were computed for a single selection of items, with sample 
sizes of 300, 2500 and 15 000 cases (pp. 83-84). As sample size increased 
there was an increase in the amount of misfit. Thus, they point out that ‘fit 
statistics should serve as an indication for detecting problematic items rather 
than for setting concrete rules for accepting or rejecting items’ (p. 85). 
In the present case, we have samples of approximately 10 000 in each 
population, yet only 12 mis-fitting items out of a total of 173 items 
(approximately 6% of items misfit). 
The question remains, however, whether these items are necessary, 
substantively, to the purpose of the analysis. That is to say, are they 
necessary for interpreting students’ abilities, or is there sufficient evidence 
from other items, in which case deletion can proceed. 
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Figure 7.3:  The twelve poorly fitting items 
 
 
 
 
 
 
 
 
 
 
 
 
INFIT                                                                                                                                
MNSQ           .60       .70       .80       .90      1.00      1.10      1.20      1.30  
----+----------+---------+---------+---------+---------+---------+---------+---------+-------- 
1 J01           *        .                             |                             . 
1 L03        *           .                             |                             . 
1 M08                   *.                             |                             . 
1 T04B                   .                             |                             . * 
2 J12            *       .                             |                             . 
2 J13                    .                             |                             . * 
2 L09            *       .                             |                             . 
2 L11                    .                             |                             .   * 
2 L17           *        .                             |                             . 
2 M08                     .                            |                             .        * 
2 Q03                  *  .                            |                             . 
2 T2A                     .                            |                             .           * 
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The degree of this substantiveness depends on item information such as the 
mathematical content of the item, the performance expectation category of the 
item, and its difficulty estimate, and the number of other items contributing to 
the scale. Table 7-4 shows these details for each of the mis-fitting items, with 
the item difficulty estimate expressed in terms of the International Difficulty 
Index which is described thus:  
‘[T]he TIMSS scale [is] based on the performance of students at 
both grades in all countries, [thus] the inter-national scale values 
apply to both grades and to all countries’ (TIMSS Mathematics 
Items: Released Set for Population 1 (Third and Fourth Grades), 
p. vi). The claim that the mean of the Index is 500, with Standard 
Deviation 100, is not strictly true, as ‘the international student mean 
is not exactly 500 … because one or two countries were not 
included in the computation of θj [a student parameter] since the 
scaling of their data was not completed … [and] [i]f a trans-formed 
score was below 50, the score was recoded to 50’ (Gonzalez & 
Smith, 1997, pp. 5-8). Higher values on the International Difficulty 
Scale indicate more difficult items. 
As shown in Table 7-4 the mis-fitting items cover a wide range of the 
International Difficulty Scale (over 300 scale points), and most of the other 
item characteristics, such as item content, Performance Expectation, and 
response format. It would appear that there is no obvious pattern in the twelve 
items, although there are five Fractions and Number Sense items. These 
items are in both population item sets, and more than half (3 items) involve 
performing routine procedures: this would suggest that in future analyses a 
focus on this content area could provide valuable formative information. 
Re-analysis for better fit  
The first step was to delete all these mis-fitting items, re-analyze, and re-
check the fit of all the remaining items. The results of this re-analysis were 
that the Mean Infit was1.01, and the Standard Deviation 0.12. This is a slight 
improvement on the initial analysis. This makes a decision to delete items  
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Table 7-4:  Details of mis-fitting items in order of difficulty 
Pop’n ID Scale Performance expectation 
Item 
Format 
Internat-
ional 
Difficulty 
Index 
Total 
items 
in 
group 
% of 
Items  
1 J01 Geometry Knowing MCQ* 372 10 10 
1 L03 Geometry Knowing MCQ 383 10 10 
1 M08 Whole 
Numbers 
Using complex 
procedures 
MCQ 381 17 5.9 
1 T04B Fractions 
and 
Propor-
tionality 
Solving 
Problems 
Open 
Response 
Item 
796 15 6.7 
2 J12 Fractions 
and 
Number 
Sense 
Performing 
Routine 
Procedures 
Open 
Response 
Item 
593 38 2.6 
2 J13 Data 
Represent
-ation, 
Analysis 
and 
Probability 
Using 
Complex 
Procedures 
Open 
Response 
Item 
394 12 8.3 
2 L09 Fractions 
and 
Number 
Sense 
Knowing MCQ 373 38 2.6 
2 L11 Algebra Solving 
Problems 
MCQ 640 20 5 
2 L17 Fractions 
and 
Number 
Sense 
Performing 
Routine 
Procedures 
MCQ 571 38 2.6 
2 M08 Fractions 
and 
Number 
Sense 
Performing 
Routine 
Procedures 
Open 
Response 
Item 
575 38 2.6 
2 Q03 Measure-
ment 
Using 
Complex 
Procedures 
MCQ 636 15 6.7 
2 T02A Proport-
ionality 
Solving 
Problems 
Open 
Response 
Item 
699 7 14.3 
*  MCQ= Multiple Choice formatted item 
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difficult. And further, the open response items had had their format altered, 
and mis-fit may well have been induced by this change. Hence, the decision 
was made to retain all items at this stage, the same decision which was made 
in the original TIMSS study, for similar reasons (Adams, et al., 1997, p. 121). 
Preparatory analysis Phase Two 
In the second phase of the Preparatory analysis, the item anchor values, (Line 
12) in Figure 7.1 above, were used for a re-estimation of student ability. This 
provided case (student ability) estimates, on a combined Population 1 and 
Population 2 scale, based on the difficulty estimates of the re-estimated items 
from the first phase of the analysis.  
The Rasch software Conquest was used for this analysis as plausible values 
were required for the case estimates (Wu, et al., 1998) an approach that 
mirrors that used for the TIMSS analyses. The Conquest command file, 
shown in Figure 7.4 for this analysis, provides the details. The content of this 
ConQuest command (or control) file performs a similar duty to that of the 
Quest control file shown earlier in Figure 7.1, but some changes were 
required because the syntax for ConQuest and Quest is not exactly the same. 
The details are that: 
 
Line 1  gives the title of the analysis; 
Line 2  specifies phase2.dat as the relevant data-file; 
Line 3  specifies the layout of the data-file; 
Line 4  indicates that a file of item names should be imported; 
Line 5  indicates that a file of case names should be imported; 
Line 6  specifies the legitimate response code values; 
Line 7  specifies that the analysis should be of the items only 
(dichotomous); 
Line 8  requests that a log of the analysis be created; 
Line 9  imports the previously generated item parameters; 
Line 10 specifies the scoring as dichotomous; 
Line 11 requests that the analysis use a quadrature method and provide 
case estimates as plausible values; 
Line 12 requests that a file of item and case information be produced; 
Line 13 requests that a file of case abilities (plausible values) be created; 
and  
Line 14 ends the program. 
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Figure 7.4:  Conquest command file for Preparatory analysis Phase Two  
 
 
 
 
 
 
 
 
 
 
 
 
As stated earlier, the results of this analysis puts the case estimates on a sub-
scale, that of released items only, and places the analyst in the position to 
refer to the case estimates (student ability estimates) as being on a specific 
scale directly connected to released items, a scale that will be referred to as 
the Australian scale, to differentiate it from the TIMSS scale. 
Results of Preparatory analysis Phase Two  
The case estimates are on the Australian scale, created in the first phase of 
the Preparatory analysis. All students with perfect or zero scores have been 
omitted from the following calculations (see the note in the section on Analysis 
1, Wright map).  
The most noticeable feature of Table 7-5, is that the Population 2 mean 
plausible value is slightly lower than that for Population 1, although the 
standard deviations suggest that the difference may not have substantive 
implications: this does suggest, however, that the Population 2 items may 
1. Title Prep Phase2; 
2. datafile phase2.dat; 
3. format name 1-9 sex 12 responses 13-186;  
4. labels << names.nam; 
5. labels << cases.nam; 
6. codes 0,1; 
7. model item; 
8. export logfile >> phase 2.log; 
9. import anchor_parameters << phase2.anc; 
10. score (0, 1)  (0, 1) !; 
11. estimate ! method=quadrature, plausible=phase2.pls; 
12. show >>pvphase2.sho; 
13. show cases ! estimates=latent>>phase2pvs.cas; 
14. quit; 
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have been more difficult for that population than the Population 1 items were 
for that population. 
Table 7-5:  Population Mean Plausible Values 
Statistic Estimate 
Population 
1 
Estimate 
Population 
2 
Mean 0.45 0.43 
Standard 
Deviation 0.78 0.88 
Table 7-6 shows the overall mean item difficulty for items administered to 
each population separately. Remembering that items in clusters A to H were 
deleted from the analysis, as stated previously, the statistics in the following 
table are for the reduced set of items only. 
Table 7-6:  Item difficulties by Population (logits) 
Statistic Estimate for Population 1 
Estimate for 
Population 2 
Mean -0.17 0.72 
Standard Deviation 0.09 0.76 
Student abilities, based on the TIMSS plausible values and those based on 
the Australian scale, are summarized for comparison below in Table 7-7.  
Table 7-7:  Comparisons of plausible values by scale 
Scale Mean Standard 
Deviation 
TIMSS International 
Scale Pop1 -1.03 0.67 
TIMSS International 
Scale Pop2 0.24 0.90 
Australian Scale 
Pop 1 0.45 0.78 
Australian Scale 
Pop 2 0.43 0.88 
The contribution of the unreleased items to the difference in the mean 
plausible values is very evident, although the standard deviations remain 
similar, in particular those for Population 2.  
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Summary 
At the conclusion of the Preparatory analyses, we have: 
• estimates of item difficulty for all released items; 
• fit of items investigated and an appropriate response made; 
• plausible values for cases based on the released item difficulties 
only; and 
• all case and item estimates on the same (Australian) scale. 
This last point is critical to the interpretation of results from subsequent 
analyses. 
In this way, the Preparatory analyses addressed the issues identified in earlier 
sections, and a set of item difficulties provided for all released items, and 
student plausible values based solely on the responses to the released items. 
Issues arising from these analyses have been addressed, and now the 
student plausible values and the item estimates are available for subsequent 
analyses. 
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Chapter 8 
Analysis One 
The purpose of Analysis 1 is to prepare a ‘map’ of student ability 
and item difficulty distributions, on the one scale, in order to add 
diagnostic information and interpretations to this map. A particular 
feature of this map is that it will be a map of population abilities, 
and item difficulties, typical of large-scale assessment 
programmes, such as the TIMSS, but that the diagnostic 
information will give a value-added dimension to the map.  
The results of the analysis 
As the first phase of Analysis 1, a new Rasch analysis was undertaken. The 
command file for ConQuest to perform the first analysis, Analysis 1, is shown 
in Figure 8.1. 
Figure 8.1:  ConQuest command file for Analysis 1 
 
 
 
 
 
 
 
 
 
1. Title Analysis 1; 
2. datafile phase2.dat; 
3. format name 1-9 sex 12 responses 13-186;  
4. labels << names.nam; 
5. labels << cases.nam; 
6. codes 0,1; 
7. model item; 
8. import anchor_parameters << phase2.anc; 
9. score (0, 1)  (0, 1) !; 
10. estimate ! method=quadrature, plausible=phase2.pls; 
11. show >>anal1.sho; 
12. quit; 
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The changes from the last phase of the Preparatory analysis, Figure 8.1, are 
in: 
Line 1, where the title for the output has been changed to Analysis 1 and  
Line 11, where the requested output is for a Wright map file (titled anal1.sho). 
All superfluous lines of the earlier command file have been deleted for this 
analysis. 
A major result of this analysis is the Wright map (see, Wilson 2011, for the 
derivation of this nomenclature) given that item difficulties and student 
plausible values were created previously in the preparatory analyses. Figure 
8.2 is the Wright map produced by the ConQuest analysis, and provides a 
diagrammatic overview of both items and students.  
On the Wright map, the centre line is the scale. This scale is in logits (log odds 
units) and both item difficulties and student ability estimates are on this one 
scale. The left-hand side of the map shows the distribution of students (each x 
representing 41 students), with students with more estimated ability at the 
upper part of the scale, and students with less estimated ability at the lower 
end of the scale. On the right-hand side of the scale are the items, placed on 
the scale in order at their estimated difficulty level. Harder items are at the 
upper end of the scale, and easier items at the lower end.  
Items are printed with a prefix of 1 or 2 to indicate to which population pool 
they belong, and link items are prefixed with L. Thus, at the origin of the scale 
(the 0 logit point) we find item 1I07 from Population 1 and 2R10 from 
Population 2. Further, five items in Figure 8.2 have been emboldened. Item 
T2B for Population 2 (2T2B) is the most difficult of the items for this group of 
students, while for Population 1 item T04 (1T04) was the most difficult. At the 
other end of the scale, the easiest items for Population 2 were L10 (2L10) and 
M1 (2M1), which were equally easy, and for Population1 the easiest item was 
L03 (1L03). Note that the use of a common scale for both populations shows 
the degree of overlap in the item difficulties, with easier Population 2 items 
intermingled with harder Population 1 items.  
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Figure 8.2:  Wright map produced from Analysis 1 
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Students with perfect scores and zero scores are not recorded on this Wright 
map by the ConQuest software. For computing overall case statistics, the 
procedure followed that of the TIMSS, where arbitrary ability estimates were 
given to these two groups of students (Adams, et al., 1997). In the present 
case perfect scorers were given an ability estimate of +4 logits (the top of the 
scale) and zero scorers were given an ability estimate of –4 logits (the bottom 
of the scale).  
Unexpected responses in the data are found in a Wright map, when high 
(estimated) ability students ‘fail’ on items that should be easy for them. These 
are items located lower on the scale than the student is located on the scale. 
Conversely, a student may show special capability when answering, correctly, 
items that are estimated are expected to be too difficult for them, that is, the 
items are located on the scale above a student’s position on the scale.  
These possibilities are at the individual student level, and may be derived 
separately. However, in general this is not feasible in large-scale 
programmes, as the number of individual reports is excessive (24 100 in the 
present case).  
Due to the large number of items, the print-out of the Wright map may omit an 
item, and in addition, with a large number of items, crowding often makes it 
difficult to read. An alternative is for Wright maps to be produced for only a 
sub-set of items, rather than the entire set. For example, the sub-set of items 
grouped by Content (Geometry) or the sub-set of items grouped by 
Performance Expectation (Solving problems). An analogous case can be 
made for Wright maps based on sub-sets of students grouped by year level, 
for example. These alternatives can help to clarify information that has been 
‘hidden’ in visually dense Wright maps. 
A further consideration is the scale of the Wright map. The logit scale is not 
easily understood, particularly the presentation of student results with 
negative ‘scores’: Most audiences for educational reports are more familiar 
with simple, positive, integer scales. The logit scale, therefore, should be 
replaced with a numerical scale that suits the intended audience for the report. 
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A good example of this practice is the TIMSS International Difficulty Index, 
with a mean of 500 and a Standard Deviation of 100.  
Using this precedent, the Analysis 1 scale, the Australian Difficulty Scale, was 
transformed, to have a mean of 500, and a Standard Deviation 100, using a 
linear transformation, as shown in Figure 8.3. 
On this Australian Difficulty Scale (ADS), a modified Analysis 1 scale, an item 
with a difficulty of –1.36 logits, becomes 320 on the ADS. Similarly, a student 
with an ability estimate of –1.36 logits on this scale would be reported as 
being at 320 on the ADS. 
Figure 8.3:  Linear transformation of logits to the Australian Difficulty Scale 
 
  
 
 
 
 
 
 
A useful characteristic of this Rasch analysis, is that there is a direct 
relationship between an item’s difficulty and a student’s likelihood of success 
on that item. A student whose ability estimate is at the same point on the 
scale as an item’s difficulty estimate has a fifty percent chance of success on 
that item. Thus, the further above the item’s point on the scale that a student 
is located, the more likely it is that the student will answer that item correctly, 
and vice versa. This can be understood by reference to an item characteristic 
curve (ICC) as shown in Figure 8.4 for an item with a difficulty estimated at –
1.36. 
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Figure 8.4:  Theoretical Item Characteristic Curve (ICC)  
 
 
 
 
 
 
 
This ICC illustrates the effect of the gap, between a student’s ability and an 
item’s difficulty, on the likelihood of success. Thus, as students’ abilities 
increase, from –4 to +4, so does the likelihood of success on the item 
increase from 0 to1. In Figure 8.4, a line drawn to the ability scale from the 
point where the ICC intersects the 0.5 probability line, shows the ability 
required by a student to have a fifty per cent chance of answering the sample 
item correctly (-1.36 logits in this case). Conversely, a student whose ability 
has been estimated at 0 logits has about an 80% chance of answering this 
item correctly, and so on, for every estimated student ability and each item.  
The likelihood of success characteristic in the Wright map, means, for 
example, that it is possible to determine for whom an item is likely to be easy 
or difficult, and allows teachers to select items of suitable difficulty for remedial 
teaching.  
Formative maps 
Previously, it was argued, that to be useful, in a formative sense, a formative 
scale needs to have the following properties: 
• it uses all the evidence available; 
• it sets the evidence within an interpretative framework. 
• It is reliable;  
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• It is valid; and 
• It can be generalized. 
The Wright map provided by the ConQuest analysis, as shown in Figure 8.2, 
satisfies most of these criteria. It uses all the information provided by the 
dichotomous analysis, it places this information on a scale, which is a 
framework for possible interpretation, and is valid, reliable and generalizable.  
However, some of these criteria are less obviously satisfied than others. If we 
take as a given the reliability and validity, we are faced with the issue of 
interpretation and the generalizability of the Wright map. While it is easy, as 
described above, to say that the relationship between item difficulty and 
student ability is embedded in the map, how to actually use this feature is 
somewhat more obscure. This is particularly true for large-scale assessment 
programmes which use plausible values for reporting at the population level, 
not the individual level. Thus, it remains to see if some of these drawbacks 
can be overcome within the constraints of this particular analysis. 
Possible ways forward 
Upon re-reading Wright and Stone’s Best Test Design (1979) it was noticed 
that all the Rasch scales in the volume’s figures were horizontal. This 
prompted the idea that if the scale were turned ninety degrees clockwise, then 
an item threshold, between an incorrect and a correct response, could be 
shown as a bar graph of the threshold’s distance from the bottom (left-most 
point) of the scale. Linacre (1997) used  a similar rotation with his reporting 
format for the Functional Independence Measure, Wilson (1992b) in showing 
results from his analysis of the Quality of School Life instrument, and Julian 
and Wright (1992) in their analysis of an Employee Needs Survey.  
Further, Doig used a similar rotation when analyzing survey data from Likert 
scales, where the survey report form set out each statement and the response 
‘boxes’ against them, from the top of the page to the bottom (see, Doig & 
Groves, 2006, for a full description of this). In the present case, each item 
could show where its threshold lay on the Australian Difficulty Scale.  
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Figure 8.5:  Relative item difficulties represented as horizontal bars 
Item difficulties are shown in  Figure 8.5 as horizontal bars with their starting 
points aligned to the lowest point on the Australian Difficulty Scale (to the left-
hand side of the page) and the items placed one above the other from most 
difficult (item 14) to the easiest (item 1). This arrangement, Figure 8.5, shows 
that the vertical separation of items makes it easy to find a particular item and 
allows easier comparison between item difficulties compared to the original 
Wright map shown in Figure 8.2. 
It is clear in Figure 8.5 which items are more difficult, as the bars representing 
these items extend further along the scale. However, the relationship between 
the student abilities and the item difficulties is still un-represented. Again, a 
solution can be found in the earlier work of Doig and Groves’ (2006) on the 
better representation of ordinal data. Their approach is to describe the ability 
of a group of students, for example, boys, by erecting a vertical line from, in 
this case, the Australian Difficulty Scale, at the ability estimate for that group, 
upwards through the horizontal item bars.  
For example, let us assume that the mean ability of all the boys in the student 
sample was 320 on the Australian Difficulty Scale. The vertical line cuts below 
the item thresholds of all items except the easiest, Item 1. This means that all 
of the items from Item 2 through to Item16 are expected to be too difficult for 
the sample of boys, and that they have a less than a 50% chance of 
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answering these items correctly. Item 1, however, appears to be as difficult as 
the boys have ability, therefore the boys have a 50-50 chance of answering 
this item correctly. How this looks is shown in Figure 8.6. 
Figure 8.6:  Student abilities in relation to item difficulties 
 
 
 
 
 
 
 
However, the element missing from the reporting format in Figure 8.6 is that 
the items are not described. Drawing on the item information in Appendix V, 
Analysis of Item Responses, the column labelled Inference provides 
information about what a correct or an incorrect response indicates about a 
student’s mathematics. In this case, if we employ the correct response 
inference, it will be possible to understand the capability of a student who 
answers items correctly. By simply labelling each item bar with the correct 
response inference, the students’ capability will be revealed. In addition, 
inferences for incorrect responses provide information about student’s 
deficiencies, if responses were incorrect.  
In order to demonstrate these possibilities, a random set of Number items, 
from the TIMSS Population 1 released item set, was selected and used to 
illustrate this idea. Again, to complete the report, we add an indication of the 
mean Australian Difficulty Scale score for a student group: this time, girls, 
located at 420 on the ADS. This is shown in Figure 8.7 below. 
More information can be integrated into a report than is shown in Figure 8.6, 
by adding the capability inference in place of each item: that is to say, the , 
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typically,inference of what mathematical capability is needed to answer the 
item correctly. 
For example, in Figure 8.7 it is clear, that on average, the girls are able, 
typically, to: 
• understand place-value to 100; 
• find a rule for a multiplicative pattern; 
• solve two-step problems involving multiplication and division; 
and 
• perform simple one-digit by two-digit multiplication. 
Figure 8.7:  Modified Wright map with formative information  
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Furthermore, we can see also that, on average, the girls find difficulty with 
items requiring them to: 
• discern subtraction in a word problem; 
• subtract; 
• add and subtract three-digit numbers; 
• understand fraction concepts 
• round to the nearest ten in addition estimates; and 
• understand place value to tenths. 
The mathematics for which they have a 50-50 likelihood of success with is in 
items that deal with equivalent fractions and the concept of multiplication. 
Summary 
Re-drawing a standard Wright map to give formative information by rotating 
the scale, showing item difficulties as the bars of a bar-graph, and labelling 
the bars with the cognitive, or curriculum, demands of each item, appears to 
provide a report that satisfies most of the requirements of a formative scale.  
These requirements include: 
• it uses all the evidence available; 
• it sets the scale within an interpretative framework. 
• It is reliable;  
• It is valid; and 
• It can be generalized. 
Clearly the form of reporting described by Figure 8.7 is visually appealing, and 
is simple to appreciate the information contained in it. A further strength of this 
form of report is that it requires very little extra effort once the initial analyses 
of the data have been completed for other aspects of the assessment 
programme. Of course, other refinements are possible: for example, if the 
vertical mean position line were to be made as wide as, say two standard 
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deviations (in the scale metric) it becomes possible to define, visually, the 
likelihood of success or failure on each item for a sub-group.  
Apart from indicating at what ability level an item becomes more likely to be 
answered incorrectly, there is a limit to the formative information provided by 
the reporting fornat described here: for example, partially correct responses 
are not available, nor are details of the type of incorrect responses made. 
Other reporting options, such as Scale Anchoring, suffer from this drawback 
also (Birenbaum, et al., 2005). Unlike Scale Anchoring, however, the reporting 
format shown in Figure 8.7, does not assume that learning is continuous and 
cumulative, but instead shows details of each item and allows the reader to 
infer student development. 
The most damming weakness of this reporting format , however, is it does not 
use all the evidence available, which suggests exploring further possibilities, 
which are undertaken in the next chapter. 
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Chapter 9 
Analysis Two 
Prompted by the qualified success of the reporting format devised 
in Chapter 8, this chapter sets out to extend those concepts further 
through the application of giving partial credit for partially correct 
responses. Thus, a particular feature of the new format would be 
that it have considerably more formative information embedded in it 
through the application of a Masters Partial Credit analysis. 
The reason for Analysis 2 
The intention of this study is to provide a reporting scheme that uses all the 
evidence ‘revealed by the learner’s responses [and place it into an] 
interpretative framework [that can be] used by both teachers and learners’ 
(Black & Wiliam, 1998, p. 59). Further, Wiliam’s (2001) suggestion that ‘the 
same assessment can serve both formative and summative functions,’ 
(p. 176) would seem to support the creation of such a reporting scheme for 
large-scale programmes such as TIMSS. Examples of these do exist, but tend 
to be a later re-working of the original data-set, after summative reports have 
been issued (see, for example, Doig, et al., 1997; Simon, 2005). 
As we have seen, some improvements on the more usual reporting formats 
have been made. However, the one criterion that eluded the modified Wright 
map, shown in Figure 8.7, was that it did not use all the evidence available as 
it was based only on the thresholds between giving a correct or, an incorrect, 
response. 
As Doig and Lindsey noted (2002), most of the information in the response to 
an item is lost if we do not look at the incorrect responses as well as the 
correct ones. Further, incorrect responses can be a window into a student’s 
understanding or thinking. 
Thus, in a four-distractor multiple-choice item, three-quarters of the 
information has been reduced to simply incorrect: even the TIMSS open-
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ended items, which were especially double-digit coded (the Viking rubrics), 
were originally analyzed dichotomously.  
However, this loss of information is only the case if the distractors have been 
created to reveal this thinking or understanding. Doig and Lindsey (2002) 
discuss this situation and provide an example from the PatMath series 
(Australian Council for Educational Research, 1998) . While suggesting that 
‘rarely have the summative and formative aspects of students’ learning been 
described simultaneously’ (p. 227) they go on to show that all the response 
data need to be modelled (Doig & Lindsey, 2002) in order to provide the 
maximum formative information from each item. Doig and Lindsey (2002) 
describe a process where each item distractor is examined for possible 
formative information, and then construct a ‘formative map’ based on 
assigning distractor information to a position on the Wright map that is at the 
mean ability of students selecting that distractor. 
In order to achieve this result, a Masters Partial Credit analysis was performed 
using Quest (Adams & Khoo, 1996) and student mean ability estimates 
calculated for each distractor. Thus, this method involved a large amount of 
re-analysis to achieve the desired result. However, a Partial Credit approach 
would appear to be a sensible step in the right direction, and this was 
indicated by the ‘response maps’ developed by Doig and Masters (1992) and 
described previously. Further, the later work of Andrich and Styles (2011) 
suggested that all distractors are neither necessarily, nor equally, informative, 
and this caveat has been heeded in what follows. 
Partial Credit analyses 
Assuming, for the moment, that for multiple-choice items all distractors have 
some information, and that the categories of response to the open-ended, 
double-digit coded items (the Viking Rubrics) have useful information, then we 
might consider that the application of a Partial Credit analysis to the TIMSS 
data would provide more formative information than the previous modified 
Wright map of Figure 8.7 in the previous chapter.  
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The essential difference in the results of a simple logistic Rasch analysis and 
a Partial Credit analysis is that each step of the partial credit ‘ladder’ is shown: 
that is, it shows where one’s likelihood, of responding in a category, changes 
to responding in a higher category. Thus, the partial credit Wright map reveals 
where these thresholds lie on the overall scale.  
A common use for Partial Credit analysis is scaling of ordinal data from 
questionnaires, particularly those data from the ubiquitous Likert ‘scale’ and 
Doig and Groves (2006) provide a comprehensive description of a range of 
reporting possibilities from these ordinal data. However, a Partial Credit 
analysis is not restricted to questionnaire data. 
In the Victorian Science Achievement Study (Adams, Doig, & Rosier, 1991), 
Tapping Students’ Science Beliefs (Doig & Adams, 1993), and the Conceptual 
Understanding in Social Education project (Doig, Piper, Mellor, & Masters, 
1994), open-ended questions were put to students, and their responses, 
written or drawn, were categorized. These categorized data were analyzed 
using Masters’ Partial Credit Model (1982), thus revealing a range of 
conceptions, of more, and less, sophistication, held by the children surveyed.  
Figure 9.1 shows the Item Characteristic Curves (ICC) for the multiple-choice 
item Population 2 item, J11, when analyzed with a Masters Partial Credit 
Model. Both the theoretical and empirical curves are plotted in this figure, 
where for clarity, the empirical curves are plotted for ten ability groups, rather 
than all individual abilities. Despite its complexity, this is analogous to the ICC 
shown in Figure 8.4 for an item scored dichotomously. Here, however, we 
have a modelled (continous line) and empirical (dashed line) curve for each 
‘step’ of the Partial Credit ‘ladder’. Immediately past where the curves 
intersect, it is clear that the probability of responding in a higher category is 
greater than that of responding in the lower category. As one would expect, as 
ability on the latent trait increases, the likelihood of responding in higher 
categories also increases. 
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Figure 9.1:  Item Characteristic Curves for a multiple-choice item under a 
PCM analysis 
Item formative information 
As shown in the previous chapter, Appendix V contains an analysis of all the 
released TIMSS items, performed by the author, with descriptions of the item 
content and possible inferences about student understanding for all response 
categories (open response items) and all distractors (multiple-choice items). In 
Figure 9.2, item I02 is shown: this is a multiple-choice item with five 
distractors.  
The correct response, C, is taken to indicate that the student is able to solve 
an arithmetic two-step problem, while distractors D and E are taken to indicate 
some understanding of how to start the problem but not solve it completely.  
However, distractors A and B provide little information (see Figure 9.2) as 
there is essentially no reasonable explanation for using a given number: that 
is, they do not seem to correspond to any possible calculation and seem 
arbitrary as distractors.  
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Figure 9.2: TIMSS Population 2 multiple-choice item I02 
This item displays the situation that Andrich and Styles (2011) warned about: 
that is, if there is one distractor, with formative information, then it should be 
unique. If other distractors provide formative information, then the item is not a 
multiple-choice item but is a concealed partial credit item, and would be better 
re-cast as a number of items. Figure 9.2 illustrates this issue for item I02: two 
separate calculations are required, followed by a comparison of the results of 
each. However, analyzing the item with the Partial Credit Model circumvents 
the need for splitting the item into two multiple-choice items, which is clearly 
impossible to do retrospectively, as in the case of TIMSS items, and, also, 
avoids the possibly nonsensical approach of having a two-step item presented 
in three independent steps. For example, in the case of item I02, the two 
fraction parts of the item would be two separate multiple-choice items, and 
comparing the two answers would be a simple number comparison. This uses 
a different set of skills and understandings than the original item. 
Item I04, shown in Figure 9.3, is an open response item, and has seven 
distinct categories of incorrect response, shown in Figure 9.4, where some 
categories are more informative than others. For example, categories 74, 75, 
and 79 have a description that is minimally informative. On the other hand, 
categories 70 and 71 do provide an indication of a break down in students’ 
thinking. 
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Figure 9.3:  TIMSS Population 2 open response item I04 
Categories 72 and 73 indicate a solving of the question based on a mis-
reading of the last sentence, a confusion of ‘seen in both sequences’. While 
each of these response categories is open to interpretation, the fact remains 
that for the teacher of the student making these incorrect responses, this 
detailed level of information may be useful when planning future mathematical 
experiences for that student. Again, this re-inforces the need for reporting 
formats to describe specific information gleaned from student responses, 
rather than simply reporting overall statistics, and a common formative-
summative scale, as is being explored here, could address this issue. 
Figure 9.4:  Response categories and codes for Population 2 item I04 
 
Useful formative information for teachers is not limited only to incorrect 
responses, as Figure 9.5 shows. This is an example of a TIMSS extended-
response item where correct responses have been coded to separate types of 
student response. The scoring rubrics (the Viking Rubrics) allowed these 
response categories to be coded to indicate the strategy used in correct 
answers or the type of error made in incorrect answers, and where the first 
digit indicated the degree of correctness (partial credit) for a response to the 
item, and the second digit indicated which category of response was given by 
the student (Dossey, et al., 2002b). 
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Figure 9.5: Population 1 extended-response item V4a (IEA, 1997a) 
 
The coding shown in Figure 9.6, for Population 1 item V4a, clearly shows that 
the double-digit coding (the Viking Rubric) preserves both the degree of 
correctness of the student response as well as the type of incorrect response. 
These examples demonstrate, not only that it is possible to capture 
qualitatively different correct and incorrect responses, but also, how the 
TIMSS items vary in their amount and quality of formative information. 
Preparing for Partial Credit analysis 
For a Partial Credit analysis, the analysis software needs to know, not only the 
correct response, but also the partial ‘score’ for every other response. For 
example, for an item like I02 in Figure 9.2, the five distractors need to be 
recoded to give the correct response, C, a score of, say, 4, and the three 
remaining distractors a unique score between 1 and 3. But, which of these 
three incorrect distractors is evidence of some incorrect thinking that is more 
sophisticated than the other two? Clearly this is a puzzle that may need to be 
resolved empirically: how to do this is explored in a later section. For the 
present, suffice it to say that analyzing the distractors of the TIMSS multiple-
choice items is a complex and hazardous task.  
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Figure 9.6: TIMSS item V-4a (Population 1) Coding  
(IEA, 1997a) 
 
The Inference and Generalised Description columns in Table 9-1 below 
provide a variable amount of useful information. For item I02, a multiple-
choice item, it can be seen that the distractors were not constructed to provide 
formative information, a point that has been raised about the construction of 
this type of item in previous sections (see, for example, page 58). However, 
not all of the TIMSS item distractors are as poor as this item, as can be seen 
in Appendix V, which contains interpretations of the possible student thinking 
that resulted in making the specific response for all items (see, for example, 
Population 1 items T1a and V3, and Population 2 items I06 and I08).  
However, Item I04, which is an extended response item with a Viking Rubric, 
is more disappointing. It provides barely more information than the multiple-
choice example, yet has been extensively trialled, and student responses 
coded with the intention of providing formative information. Future large-scale 
assesment programmes need to address the lack of information contained in 
distractors, or response codings, if they are to be of benefit to the students 
they assess, and of use to the teachers whose responsibility it is to prepare 
students mathematically. 
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Despite the initial assistance of the Viking Rubric, missing in the case of 
multiple-choice items, deciding which category is evidence of more 
sophisticated thinking (less incorrect) remains a dilemma. 
The re-coding, for each item, from dichotomous to that for Partial Credit was 
based on a prior examination of all items using the author’s experience, the 
Viking Rubrics, and applications of the recommendations of Doig and Lindsey 
(2002). 
Obviously, this re-categorization could well be different if performed by 
another researcher: however, for the purpose of this first Itanal, the author’s 
re-coding, is sufficient as a first step. This is because, after an examination of 
the results of the Itanal, another Itanal can be run, after further re-coding of 
items that had been recoded, unfavourably, in terms of both point biserial 
correlations and item fit to the data. This is an iterative process which will, 
eventually, provide an empirically-based re-coding for all items. 
Note that, while this ordering of categories is post facto, Doig and Lindsey 
(2002) urged item writers and test developers to pay attention to the research 
literature that could inform, either distractor creation for multiple-choice items, 
or response categories for open response items a priori. This call, however, 
appears to have gone mainly un-noticed in practice, except for Wilson and his 
colleagues (see, for example, Wilson, 2005; Briggs, et al., 2006) and Andrich 
and Styles (2011), who make strong cases for starting with a conceptual 
framework and research based evidence to construct items and their 
distractors. 
The Itanal analysis 
As explained above, the first step in using the item response categories 
identified earlier for a later Partial Credit analysis, and thus examine the 
efficacy of the original category ordering, was to run a simple Itanal analysis 
using Quest (Adams & Khoo, 1996).  
In order to retain all output values on the Australian Difficulty Scale, the Itanal 
was run with case estimates anchored from the earlier analysis. This allows 
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consistent reporting of the different analyses as all item and case values 
would be on the same scale. 
Only a part of the Quest control file for this is shown in Figure 9.7, as the 
entire file is exceedingly long (194 lines), mainly due to the large number of 
‘recode’ statements (see below). Thus lines 11 to 116 have been omitted. 
Note that items pre-fixed ‘P’ are Population 1 items, but that items 168 to 173 
are link items with their Population 1 prefix. 
The details of Figure 9.7 are that: 
Line 1  gives the title of the analysis; 
Line 2  turns on the anlysis log file facility; 
Line 3  specifies the relevant data-file; 
Line 4  gives the format of the data file; 
Line 5  indicates that a file of item labels (names) should be imported; 
Line 6  specifies the legitimate response code values; 
Line 7  specifies the recoding rule for item 1 (PI01); 
Line 8  specifies the recoding rule for item 2 (PI02); 
Line 9  specifies the recoding rule for item 3 (PI03); 
Line 10  specifies the recoding rule for item 4 (PI04); 
 
… 
 
Line 189  specifies the recoding rule for item 173 (PU02); 
Line 190 requests that the case estimates (from Analysis 1) be used as 
anchor values; 
Line 191  requests item step estimates be determined; 
Line 192  requests that the Itanal results be sent to the file pcm.itn; and  
Line 193  ends the analysis. 
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Table 9-1:  Two sample items and their information descriptions from Appendix V 
Item 
 
Distractor 
or 
Category 
 
Analysis 2 
recoding 
Response Description Inference Generalized description 
I02 A 0 Uses given number, 2 Unable to solve two-step 
problem 
Unable to solve two-step problem 
I02 B 0 Guess Unable to solve two-step 
problem 
Unable to solve two-step problem 
I02 C 2 Correct Is able to solve a two-step 
problem 
Able to solve a two-step problem 
I02 D 1 Finds 2-thirds of 60 Solves only part of a two-step 
problem 
Able to solve part of a two-step 
problem 
I02 E 1 Finds 3-quarters of 60 Solves only part of a two-step 
problem 
Able to solve part of a two-step 
problem 
      
I04 10 4 Correct (52) Able to solve a two-step 
problem 
Able to solve a two-step problem 
I04 70 3 27 and 38 Solves only part of a two-step 
problem 
Able to solve part of a two-step 
problem 
I04 71 3 27 or 38 Solves only part of a two-step 
problem 
Able to solve part of a two-step 
problem 
I04 72 1 17 Misread question Misread question 
I04 73 1 31 Misread question Misread question 
I04 74 1 42 Unable to solve a two-step 
problem 
Unable to solve a two-step problem 
I04 75 2 There is no other number that occurs in both 
sequences or any similar explanation 
Unable to solve a two-step 
problem 
Unable to solve a two-step problem 
I04 79 1 Other incorrect Unable to solve a two-step 
problem 
Unable to solve a two-step problem 
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Figure 9.7:  Quest command file for Itanal analysis 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1  title Partial Credit (Analysis 2) Itanal 
2  set logon>-pcm.log 
3  data_file pcm.dat 
4  format pop 1 name 2-8 sex 11 items 12-184 
5  item_names<<names.nam 
6  codes 1234 
7  recode (1, 2, 3, 4, 5) (1, 4, 3, 2, 3) ! 1*PI01 
8  recode (1, 2, 3, 4) (2, 3, 2, 1) ! 2*PI02 
9  recode (1, 2, 3, 4) (1, 1, 2, 3) ! 3*PI03 
10  recode (1, 2, 3, 4) (2, 2, 3, 1) ! 4*PI04 
11  recode (1, 2, 3, 4) (3, 2, 1, 1) ! 5*PI05 
 …  
155  recode (1, 2, 3, 4, 5) (2, 2, 3, 1, 1) ! 139*SQ07 
156  recode (1, 2, 3, 4) (1, 2, 1, 1) ! 140*SQ08 
157  recode (1, 2, 3, 4, 5) (1, 1, 1, 1, 2) ! 141*SQ09 
158  recode (1, 2, 3, 4, 5, 6, 7, H) (2, 1, 1, 1, 1, 1, 1, 1) ! 142*SQ10 
159  recode (1, 2, 3, 4) (3, 2, 1, 2) ! 143*SR06 
160  recode (1, 2, 3, 4) (1, 2, 1, 1) ! 144*SR07 
161  recode (1, 2, 3, 4) (3, 4, 1, 2) ! 145*SR08 
162  recode (1, 2, 3, 4, 5) (1, 1, 1, 1, 2) ! 146*SR09 
163  recode (1, 2, 3, 4) (2, 2, 3, 1) ! 147*SR10 
164  recode (1, 2, 3, 4) (3, 1, 2, 2) ! 148*SR11 
165  recode (1, 2, 3, 4, 5, 6, 7) (5, 4, 4, 3, 1, 2, 2) ! 149*SR13 
166  recode (1, 2, 3, 4, 5, 6, 7) (3, 2, 1, 2, 2, 2, 2) ! 150*SR14 
167  recode (1, 2, 3, 4) (2, 1, 1, 1) ! 151*SS01a 
168  recode (1, 2, 3, 4) (3, 1, 2, 2) ! 152*SS01b 
169  recode (1, 2, 3) (2, 1, 1) ! 153*SO2a 
170  recode (1, 2, 3, 4, 5, 6) (3, 2, 2, 2, 2, 1) ! 154*SS02b 
171  recode (1, 2, 3, 4, 5, 6) (3, 3, 3, 2, 2, 1) ! 155*SS02c 
172  recode (1, 2, 3, 4, 5, 6, 7) (4, 4, 3, 1, 3, 4, 2) ! 156*ST01a 
173  recode (1, 2, 3, 4, 5, 6, 7) (4, 3, 3, 2, 1, 1, 1) ! 157*ST01b 
174  recode (1, 2, 3, 4, 5, 6) (2, 1, 1, 1, 1, 1) ! 158*ST02a 
175  recode (1, 2, 3, 4, 5, 6, 7, H) (4, 4, 1, 3, 3, 3, 1, 2) ! 159*ST02b 
176  recode (1, 2, 3, 4, 5, 6, 7) (4, 4, 3, 1, 2, 3, 1) ! 160*SU01a 
177  recode (1, 2, 3, 4, 5, 6, 7, H) (3, 3, 3, 3, 3, 2, 1, 1) ! 161*SU01b 
178  recode (1, 2, 3, 4, 5, 6, 7, H, I) (3, 3, 3, 2, 2, 2, 2, 2, 1) ! 162*SU02a 
179  recode (1, 2, 3, 4, 5, 6, 7, H, I) (4, 4, 4, 3, 3, 3, 2, 1, 1) ! 163*SU02b 
180  recode (1, 2, 3, 4, 5, 6, 7, H, I) (4, 4, 4, 4, 3, 2, 2, 1, 1) ! 164*SV01 
181  (5, 5, 4, 3, 2, 2, 2, 2, 1, 1) ! 165*SV02 
182  recode (1, 2, 3, 4) (2, 1, 2, 3) ! 166*SV03 
183  recode (1, 2, 3, 4, 5, 6, 7) (3, 2, 1, 2, 3, 1, 1) ! 167*SV04 
184  recode (1, 2, 3, 4) (1, 3, 4, 2) ! 168*PI09 
185  recode (1, 2, 3, 4) (1, 2, 1, 1) ! 169*PK07 
186  recode (1, 2, 3, 4) (3, 2, 2, 1) ! 170*PL02 
187  recode (1, 2, 3, 4) (1, 2, 3, 1) ! 171*PL04 
188  recode (1, 2, 3, 4) (2, 1, 1, 3) ! 172*PL08 
189  recode (1, 2, 3, 4, 5, 6, 7, H, I) (3, 3, 3, 3, 3, 1, 2, 2, 1) ! 173*PU02 
190  anchor ! cases<<case2.anc 
191  estimate ! iter=100 
192  itanal >-pcm.itn 
193  quit 
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Itanal results 
Two examples of the results of this first Itanal are shown in Table 9-2 below. 
This figure shows the critical information about categories: that is, the point 
biserial correlations, the mean ability of respondents, and the ordering of each 
of these. The first two columns should be correctly ordered if the category re-
coding is sound. In the case of the point biserial correlation, correctly ordered 
means that the correct answer has a positive point biserial correlation, and 
incorrect responses have negative point biserial correlations.  
However, in the case of partial credit response scoring, there may be more 
than one correct response to the item. In these instances, the point biserial 
correlations should be positive for each correct response. The example items 
below in Table 9-2 have been ordered by their point biserial correlation 
coefficients, thus placing any positive values at the lower end of the lists. 
These values are shaded light grey.  
In these examples, item I01 from Population 1 has only one category 
(category 2) with a positive point biserial correlation, and item J15 from 
Population 2 has two positive point biserial correlations. Note that positive 
point biserial values are accompanied by positive mean ability values that, in 
the case of item J15, are ordered in the same manner as the point biserial 
values (larger values of point biserial are accompanied by larger values of 
mean student ability. 
Table 9-2:  Examples of Itanal results 
Item Original Categories 
Pt-
Biserial 
Mean 
Ability 
Population 1 
PI01 1 -0.29 -0.18 
 4 -0.15 -0.13 
 3 -0.13 -0.08 
 5 -0.02 0.11 
 2  0.38 0.30 
Population 2 
SJ15 2 -0.25 0.20 
 3 -0.18 0.06 
 4 -0.12 0.27 
 5  0.01 0.77 
 1  0.36 0.82 
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Finally, the correct response categories for these items are Category 2 for 
item I01, and category 1 for item J15. However, as can be seen in Table 9-2, 
item J15 has two positive point biserial correlations, although 0.01 only 
approximately so. Those students who thought that response category 5 was 
the correct answer, had a mean ability estimate, over all the items attempted, 
of 0.77. This category of response is described as: students used the lay 
meaning of similar instead of the geometric meaning as required by the item 
(J15 asked students to identify two similar triangles from a set of five). While 
this represents an incorrect response, it is also easy to understand that even 
well-performing students might choose the lay meaning. As a consequence of 
this, it is an open question as to whether a re-coding of category 5 should be 
undertaken or not. 
Note, too, that the ordering of the point biserial values for item I01 is the same 
as that for the mean abilities. This is a strong confirmation of the re-coding 
validity. For item J15, however, there is a great deal of variation between the 
point biserial order and that of the mean abilities. However, the re-coding for 
this item assigned a value of 2 to the correct response (category 1) and a 
value of 1 to all the other four categories: that is, they were coded to be 
equally incorrect. Even allowing for error of measurement, this coding 
therefore meant that students across a range of abilities (estimates varied 
from 0.06 to 0.77) were allotted the same category (1). This collapsing of 
distinctions between students of differing ability and response choices may be 
a critical weakness of the partial credit approach. 
Finally, the fit of the items needs to be examined: for Population 1 item I01 the 
fit was within the boundaries suggested by Adams and Khoo (1996), as was 
the fit of Population 2 item J15.  
The combined evidence from all sources suggests, therefore, that the current 
coding for both these items be retained.  
All items were scrutinized in the same manner as the two examples above, 
and all necessary re-codings made in the Itanal control file. The 64 Population 
1 items were re-coded, one at a time, and an Itanal analysis run for 
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confirmation of each the new re-codings. Overall, some 100 Itanal runs were 
conducted for the Population 1 items. This is not a large number given that, 
particularly for the open response items, there are a considerable number of 
possibilities. For example, an open response item with four incorrect 
categories has four factorial possible re-codings (4!) if there is but one correct 
response: but several open response items have more than one correct 
response, thus opening the way for many more recoding possibilities. 
However, in the event, only one item, S03, was unable to be re-coded to 
satisfy both point biserial and fit criteria.  
Given the overall set of items were amenable to satifactory re-coding, item 
S03 was left within the data set as it was unlikely to have a large effect on 
overall student ability estimates, partly because it is one out of 68 items, but 
also because only a sub-set of students actually attempted this item. 
The Population 2 items were treated in the same manner as the Population 1 
items. In this case, however, all items were tractable. The final re-codes for all 
items are shown in Appendix XII, in the column headed PCM re-coding.  
Partial Credit Analysis 
At this stage a Partial Credit analysis was undertaken, with student ability 
estimates anchored, as before, thus providing item estimates on the 
Australian Difficulty Scale (ADS). This last analysis provided estimates for 
every student on the ADS. The command file for this final analysis is shown, 
partly, in Figure 9.8. 
The commands shown in Figure 9.8 have the following intentions: 
Line 1  gives the title of the analysis; 
Line 2  requests that a log file of the analysis be created; 
Line 3  specifies the relevant data-file; 
Line 4  specifies the valid score codes; 
Line 5  indicates the recoding arrangement for Item 1; 
… 
Line 6  specifies the format of the control file; 
Line 7  requests that item names be read from the file names.nam; 
Line 8  requests that case values be read from the file PCM2.prm; 
Line 9  starts the analysis; 
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Line 10  requests that student estimates be saved to the file pcm.sho;  
Line 11  requests that item estimates be saved to the file pcm.sho;  
Line 12  requests that an Itanal be performed; and 
Line 13  ends the analysis. 
Note that the line numbers above refer only to those shown in Figure 9.8.  
Figure 9.8:  Part of the Quest command file for Analysis 2 
 
 
 
 
 
 
 
 
 
 
Reporting the results of the analysis 
Examples of the item results of the Partial Credit analysis are shown in Table 
9-3 where each ‘step’ of the scoring is shown in order: that is, from the 
boundary between a Level 1 response and a Level 2 response, the boundary 
between a Level 2 response and a Level 3 response and so on. All values are 
in terms of the Australian Difficulty Scale (ADS), with a Mean of 500 and a 
Standard Deviation of 100. 
Table 9-3 shows items with differing numbers of response categories. As can 
be appreciated, for item PI08, students with ability estimates up to 412 are 
more likely to give a category 1 response, students with ability estimates up to 
1. title Partial Credit - Analysis2 
2. set logon>-pcm.log 
3. data_file pcm.dat 
4. codes 1234567 
5. recode (14352) (12334) !  1  
…  
6. format pop 1 name 2-10 sex 11 items 12-184 
7. item_names << names.nam 
8. anchor <<PCM2.prm 
9. estimate ! iter=100 
10. show cases >-pcmcas2.sho 
11. show items >-pcmits2.sho 
12. itanal >- pcm.itn 
13. quit 
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474 are more likely to give a category 2 response, and students with ability 
estimates up to 537 are more likely to give a category 3 response. 
Table 9-3:  Sample Partial Credit item thresholds (Australian Difficulty Scale) 
Item 
Number. 
Item 
Name 
Category 
1 
Category 
2 
Category 
3 
Category 
4 
8 PI08 413 475 538  
9 PJ01 190 244   
14 PJ06 665    
41 PS01 423 434 474 532 
A similar explanation applies to each of the other items, with a single 
threshold for item PJ06, and four thresholds for item PS01. Student ability 
estimates at the threshold level have a 0.5 probability of answering in either 
the lower or higher category. The complete table of threshold values is given 
in Appendix XIII. 
As the details of the Partial Credit analysis are not easily comprehended, a 
variation of the reporting format of Analysis 1 was employed. The original 
version of this Partial Credit reporting format was devised and described by 
Doig and Groves (2006) for scaled ordinal data.  
This is shown in Figure 9.9, which is the first half of the original figure (p. 65). 
The ordinal data in question were those derived from a Likert scale, used in a 
survey for the Improving Middle Years Mathematics and Science project. 
Additionally, Figure 9.9 shows vertical lines indicating the scale score for 
some sub-groups of students, thus indicating the likely response categories to 
each survey item for these sub-groups. 
It is clear that the ‘steps’ of a scoring rubric for such as the TIMSS items are 
analogous to such ordinal scales, and as such may be reported in a similar 
manner when analysed with a Masters’ Partial Credit analysis (Wu & Adams, 
2007). However, in the case of Likert scales, the categories of endorsement 
(Strongly Disagree, Disagree, Agree, and Strongly Agree) are consistent for 
all items (statements).  
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Figure 9.9: The IMYMS student perceptions reported on an Ordinal Map 
 
This is shown in Figure 9.9, which is the first half of the original figure (p. 65). 
This contrasts with the Partial Credit case for cognitive items, where, while 
each section corresponding to each score category can be made of the 
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appropriate length, these sections need to be described correctly for each 
item. That is, each section needs to have the appropriate textual description 
(shown in Appendices V and X).  
Earlier attempts at describing the results of Likert scale analysis were made 
by Linacre (1997), Wilson (1992b) and Julian and Wright (1992) in a similar 
manner to that of Doig and Groves (2006). 
It can be seen from these Appendices, however, that some distractor 
descriptions will not fit into the limited space available, as some sections of 
the response ‘bar’ do not have sufficient length for the textual description, as 
is seen for items I04 and N13 in Table 9-4 below. The next section describes 
how this problem was overcome, in producing Table 9-4. 
Table 9-4:  Partial Credit reporting format – Item order 
The solution was to separate the response descriptions, and their associated 
graphic sections, vertically, for each response category. Table 9-4, shows how 
this would look for a link item (PL02/SM03) and nine Population 2 items of the 
Algebra content category.  
A convenient feature of this vertical arrangment is that item information and 
inferences about responses can be included in the overall report on items. 
That is, all the item information in Appendix X can be linked to item response 
category scale positions, and thus provide the most complete, unified 
reporting of these details possible. Further, by adding a scale to the page, a 
continuous reading of all pages of the table is made possible.  
While the logic leading to the construction of Table 9-4 was described above, 
this deceptively simple format shows clearly, the likelihood, not only of a 
student’s success, but also, of their specific response, with respect to their 
overall score, by showing the response categories and student scores on the 
same scale. That is, this format allows an appreciation of the likelihood of 
success for students with any particular scale score, both, within a single item, 
or, across all items.This achieves one of the goals of the present study – 
having a single formative-summative scale.  
 141 
However, as the distractors are now free to be sorted at will, there are further 
diagnostic possibilities, because the use of a table format allows the response 
information to be sorted by any one, or any combination, of the table’s 
information. Clearly, this cannot be completely represented in print, a point 
made by Mead (Mead, 2009a, 2009b) in his call for ‘intelligent reports’ of 
student achievements. 
The remainder of this Chapter illustrates some of the other possibilities for 
presenting data in a formative-summative format, and these are shown in 
Tables 9-5 to 9-8 and described in the sections headed according to the table 
number. 
.
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Table 9-4:  Partial Credit reporting format – Item order 
Item  
Distractor or 
Category 
Response 
Format 
Response 
Category 
Threshold 
(ADS) 
Content 
Category 
Performance 
Category 
Distractor 
Description 
Distractor Inference Response Category Scale Position 
I04 72 Open Response 1 0 Algebra Solving Problems 17 Misreads question   
I04 73 Open Response 1 0 Algebra Solving Problems 31 Misread question   
I04 74 Open Response 1 0 Algebra Solving Problems 42 
Unable to solve a 
two-step problem   
I04 79 Open Response 1 0 Algebra Solving Problems Other incorrect 
Unable to solve a 
two-step problem   
I04 75 Open Response 2 444 Algebra Solving Problems 
There is no 
other number 
that occurs in 
both 
sequences' or 
any similar 
explanation 
Unable to solve a 
two-step problem    
I04 70 Open Response 3 464 Algebra Solving Problems 27 and 38 
Solves only part of a 
two-step problem    
I04 71 Open Response 3 464 Algebra Solving Problems 27 or 38 
Solves only part of a 
two-step problem    
I04 10 Open Response 4 507 Algebra Solving Problems Correct (52) 
Able to solve a two-
step problem   
J18 A MCQ 1 0 Algebra 
Performing 
Routine 
Procedures 
Copies 
previous entry 
Cannot recognizes 
number relationship 
in a pattern 
  
J18 E MCQ 1 0 Algebra 
Performing 
Routine 
Procedures 
Subtracts 6 (y 
pattern in 
reverse order) 
Cannot correctly 
recognizes number 
relationship in a 
pattern 
  
J18 C MCQ 2 370 Algebra 
Performing 
Routine 
Procedures 
Doubles x 
value 
Cannot correctly 
recognizes number 
relationship in a 
pattern 
   
J18 D MCQ 2 370 Algebra 
Performing 
Routine 
Procedures 
Two less than 
next value (like 
x value) 
Cannot correctly 
recognizes number 
relationship in a 
pattern 
   
J18 B MCQ 3 507 Algebra 
Performing 
Routine 
Procedures 
Correct 
Correctly recognizes 
number relationship 
in a pattern 
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Table 9-4:  Partial Credit reporting format – Item order (continued) 
Item  
Distractor or 
Category 
Response 
Format 
Response 
Category 
Threshold 
(ADS) 
Content 
Category 
Performance 
Category 
Distractor 
Description 
Distractor Inference Response Category Scale Position 
K04 A MCQ 1 0 Algebra 
Performing 
Routine 
Procedures 
Translates 
denominator 
across < sign 
Does not understand 
inequality rules   
K04 E MCQ 1 0 Algebra 
Performing 
Routine 
Procedures 
Multiplies by 2 
and changes 
sign to > 
Does not understand 
inequality rules   
K04 C MCQ 2 549 Algebra 
Performing 
Routine 
Procedures 
Correct Understands inequality rules   
L11 B MCQ 1 0 Algebra Solving Problems Misses last 'drop' Misreads question   
L11 A MCQ 2 370 Algebra Solving Problems Adds drops only 
Misunderstands 
question    
L11 D MCQ 2 370 Algebra Solving Problems Doubles first drop 
Misunderstands 
question    
L11 C MCQ 3 591 Algebra Solving Problems Correct Able to solve two-step problem   
L16 79 Short Answer 1 0 Algebra 
Performing 
Routine 
Procedures 
Other incorrect Cannot solve linear equation   
L16 72 Short Answer 2 339 Algebra 
Performing 
Routine 
Procedures 
Does not 
eliminate x 
from both sides 
Incomplete 
understanding of 
equation solution 
method 
   
L16 70 Short Answer 3 464 Algebra 
Performing 
Routine 
Procedures 
Correct 
procedure but 
incorrect sign 
of x or 
numbers 
Problems with signs 
in equation solution    
L16 71 Short Answer 3 464 Algebra 
Performing 
Routine 
Procedures 
Correct 
procedure but 
incorrect sign 
of x or 
numbers 
Problems with signs 
in equation solution    
L16 10 Short Answer 4 570 Algebra 
Performing 
Routine 
Procedures 
Correct Able to solve a linear equation for x   
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Table 9-4:  Partial Credit reporting format – Item order (continued) 
Item  
Distractor or 
Category 
Response 
Format 
Response 
Category 
Threshold 
(ADS) 
Content 
Category 
Performance 
Category 
Distractor 
Description 
Distractor Inference Response Category Scale Position 
N13 72 Short Answer 1 0 Algebra 
Performing 
Routine 
Procedures 
Response still 
contains x Incomplete solution   
N13 79 Short Answer 1 0 Algebra 
Performing 
Routine 
Procedures 
Other incorrect Unable to solve an algebraic equation   
N13 70 Short Answer 2 423 Algebra 
Performing 
Routine 
Procedures 
Incomplete 
correct solution 
Partial substitution in 
an algebraic problem    
N13 71 Short Answer 2 423 Algebra 
Performing 
Routine 
Procedures 
Incorrect 
substitution 
Unable to substitute 
correctly in an 
algebraic equation 
   
N13 10 Short Answer 3 444 Algebra 
Performing 
Routine 
Procedures 
3 Correct Substitutes in an algebraic problem   
N13 11 Short Answer 3 444 Algebra 
Performing 
Routine 
Procedures 
Correct 
fractional 
answer (not 
lowest terms) 
Substitutes in an 
algebraic problem   
O07 D MCQ 1 0 Algebra 
Performing 
Routine 
Procedures 
Multiplies by 3, 
adds 5 to right-
hand-side 
Unable to solve 
equation with x on 
LHS 
  
O07 A MCQ 2 255 Algebra 
Performing 
Routine 
Procedures 
x = 2  Divides 
by 5, 3x = 6 
Unable to solve 
equation with x on 
LHS 
   
O07 C MCQ 2 255 Algebra 
Performing 
Routine 
Procedures 
Ignores +5 
Unable to solve 
equation with x on 
LHS 
   
O07 B MCQ 3 464 Algebra 
Performing 
Routine 
Procedures 
Correct 
Able to solve 
equation with x on 
LHS only 
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Table 9-4:  Partial Credit reporting format – Item order (continued) 
Item  
Distractor or 
Category 
Response 
Format 
Response 
Category 
Threshold 
(ADS) 
Content 
Category 
Performance 
Category 
Distractor 
Description 
Distractor Inference Response Category Scale Position 
P10 D MCQ 1 0 Algebra Knowing 4(m+1) 
Does not understand 
index notation 
  
P10 A MCQ 2 281 Algebra Knowing 
m+4 Confuses 
operations 
Does not understand 
index notation 
   
P10 C MCQ 2 281 Algebra Knowing 
m4 Confuses + 
and * 
Does not understand 
index notation 
   
P10 B MCQ 3 517 Algebra Knowing Correct 
Understands index 
notation 
  
P15 C MCQ 1 0 Algebra Knowing 
3y Does not 
understand 
index notation 
Does not understand 
index notation   
P15 D MCQ 1 0 Algebra Knowing 
y2 + y Does not 
understand 
index notation 
Does not understand 
index notation   
P15 A MCQ 2 370 Algebra Knowing 
Confuses + 
and * Does not 
understand 
index notation 
Does not understand 
index notation    
P15 B MCQ 3 434 Algebra Knowing Correct Understands index notation   
PL02/
SM03 D MCQ 1 0 
Data 
representation 
analysis, and 
probability 
Problem Solving Focuses on the one red marble 
Does not understand 
concept of probability   
PL02/
SM03 B MCQ 2 370 
Data 
representation 
analysis, and 
probability 
Problem Solving Selects 100 marbles 
Possible confusion 
with percentages    
PL02/
SM03 C MCQ 2 370 
Data 
representation
analysis, and 
probability 
Problem Solving Selects 1000 marbles 
Most objects equated 
with greatest chance    
PL02/
SM03 A MCQ 3 434 
Data 
representation 
analysis, and 
probability 
Problem Solving Correct Able to use basic concept of probability   
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Table 9-4:  Partial Credit reporting format – Item order (continued) 
Item  
Distractor or 
Category 
Response 
Format 
Response 
Category 
Threshold 
(ADS) 
Content 
Category 
Performance 
Category 
Distractor 
Description 
Distractor Inference Response Category Scale Position 
Q01 A MCQ 1 0 Algebra Using Complex Procedures 
5 - 3n 
Represents 
problem order 
Does not understand 
problem   
Q01 B MCQ 1 0 Algebra Using Complex Procedures 
3n Misreads 
problem Misreads problem   
Q01 C MCQ 1 0 Algebra Using Complex Procedures 
n - 5 Reads 
first part of 
problem only 
Reads only part of 
problem   
Q01 D MCQ 1 0 Algebra Using Complex Procedures 
3n - 5 Misreads 
problem Misreads problem   
Q01 E MCQ 2 517 Algebra 
Using Complex 
Procedures 3(n - 5) Correct 
Able to represent 
problem in algebraic 
form 
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Table 9-5:  Partial Credit reporting format – Scale order  
The likelihood of a student, with a particular summative score, giving a response in a 
category is a feature of a Partial Credit Model analysis, and is of significance when 
wishing to derive formative information. Table 9-5 puts all response categories in 
order of difficulty, from the easiest at the start of the table, to the most difficult 
response category at the end (the reverse order is also possible). This ordering of the 
responses provides a quick overview of the ease, or difficulty, of a student selecting 
any distractor, or giving an open response in a particular category.  
An alternative to an individual view, is to use the vertical mean score line, which 
makes it posible to see the likely response to the item of any sub-group of students. 
For example, for the multiple-choice item K04, the average line passes through the 
four incorrect responses. Further down the table, for the multiple-choice item Q01 the 
average line passes through the four incorrect responses also: the interpretation of 
these response categories is all connected to reading or reading comprehension 
issues. An insight provided by this reporting format is that the average line passes 
through the correct response category for the link item (PL02/SM03) and many, but 
not all, subsequent items with correct response category thresholds above 434 on 
the ADS. 
Other information revealed by the re-ordering of the items by scale values can be 
seen with respect to item I04, an open response Algebra item, that deals with finding 
the common element of two numerical sequences. Here, the lowest category of an 
actual response (category 1) is assigned to students who either mis-read the 
question, or were simply unable to complete the two-step item. However, category 2 
represents responses that are incorrect also. These are described as ‘unable to solve 
a two-step problem’ but the category has a threshold above category 1 responses. 
This response is labelled 75 in the Viking Rubric for this item, which places it 
between the two response categories 74 and 79, although they are ranked on the 
scale as being responses of students with lower total scores. However, it is also 
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easily noted that the range of ability of the students giving this (75) response is very 
small (20 scale points). The Partial Credit analysis of this item suggests that there are 
qualitatively different ‘errors’ to this item that educators and researchers may wish to 
examine.  
However, in general, the collapsing of response categories (for example, there are 
four different responses in category 1 for item I04) in Partial Credit analyses, limits 
some of the possible gains over a standard ‘correct-incorrect’ analysis
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Table 9-5:  Partial Credit reporting format – Scale order 
Item  
Distractor or 
Category 
Response 
Format 
Response 
Category 
Threshold 
(ADS) 
Content 
Category 
Performance 
Category 
Distractor 
Description 
Distractor Inference Response Category Scale Position 
I04 72 Open Response 1 0 Algebra Solving Problems 17 Misreads question   
I04 73 Open Response 1 0 Algebra Solving Problems 31 Misread question   
I04 74 Open Response 1 0 Algebra Solving Problems 42 
Unable to solve a 
two-step problem   
I04 79 Open Response 1 0 Algebra Solving Problems Other incorrect 
Unable to solve a 
two-step problem   
J18 A MCQ 1 0 Algebra 
Performing 
Routine 
Procedures 
Copies 
previous entry 
Cannot recognizes 
number relationship 
in a pattern 
  
J18 E MCQ 1 0 Algebra 
Performing 
Routine 
Procedures 
Subtracts 6 (y 
pattern in 
reverse order) 
Cannot correctly 
recognizes number 
relationship in a 
pattern 
  
K04 A MCQ 1 0 Algebra 
Performing 
Routine 
Procedures 
Translates 
denominator 
across < sign 
Does not understand 
inequality rules   
K04 B MCQ 1 0 Algebra 
Performing 
Routine 
Proceduress 
Subtracts 2 
from other side 
of in-equation 
Does not understand 
inequality rules   
K04 D MCQ 1 0 Algebra 
Performing 
Routine 
Procedures 
Subtracts 2 
and changes 
sign to > 
Does not understand 
inequality rules   
K04 E MCQ 1 0 Algebra 
Performing 
Routine 
Procedures 
Multiplies by 2 
and changes 
sign to > 
Does not understand 
inequality rules   
K04 D MCQ 1 0 Algebra 
Performing 
Routine 
Procedures 
Subtracts 2 
and changes 
sign to > 
Does not understand 
inequality rules   
K04 E MCQ 1 0 Algebra 
Performing 
Routine 
Procedures 
Multiplies by 2 
and changes 
sign to > 
Does not understand 
inequality rules   
L11 B MCQ 1 0 Algebra Solving Problems Misses last 'drop' Misreads question   
L16 79 Short Answer 1 0 Algebra 
Performing 
Routine 
Procedures 
Other incorrect Cannot solve linear equation   
N13 72 Short Answer 1 0 Algebra 
Performing 
Routine 
Procedures 
Response still 
contains x Incomplete solution   
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Table 9-5:  Partial Credit reporting format – Scale order (continued) 
Item  
Distractor or 
Category 
Response 
Format 
Response 
Category 
Threshold 
(ADS) 
Content 
Category 
Performance 
Category 
Distractor 
Description 
Distractor Inference Response Category Scale Position 
K04 D MCQ 1 0 Algebra 
Performing 
Routine 
Procedures 
Subtracts 2 
and changes 
sign to > 
Does not understand 
inequality rules   
K04 E MCQ 1 0 Algebra 
Performing 
Routine 
Procedures 
Multiplies by 2 
and changes 
sign to > 
Does not understand 
inequality rules   
L11 B MCQ 1 0 Algebra Solving Problems Misses last 'drop' Misreads question   
L16 79 Short Answer 1 0 Algebra 
Performing 
Routine 
Procedures 
Other incorrect Cannot solve linear equation   
N13 72 Short Answer 1 0 Algebra 
Performing 
Routine 
Procedures 
Response still 
contains x Incomplete solution   
N13 79 Short Answer 1 0 Algebra 
Performing 
Routine 
Procedures 
Other incorrect Unable to solve an algebraic equation   
O07 D MCQ 1 0 Algebra 
Performing 
Routine 
Procedures 
Multiplies by 3, 
adds 5 to right-
hand-side 
Unable to solve 
equation with x on 
LHS 
  
P10 D MCQ 1 0 Algebra Knowing 4(m+1) Does not understand index notation   
P15 C MCQ 1 0 Algebra Knowing 
3y Does not 
understand 
index notation 
Does not understand 
index notation   
P15 D MCQ 1 0 Algebra Knowing 
y2 + y Does not 
understand 
index notation 
Does not understand 
index notation   
PL02/
SM03 D MCQ 1 0 
Data 
representation 
analysis, and 
probability 
Problem Solving Focuses on the one red marble 
Does not understand 
concept of probability   
Q01 A MCQ 1 0 Algebra Using Complex Procedures 
5 - 3n 
Represents 
problem order 
Does not understand 
problem   
Q01 B MCQ 1 0 Algebra Using Complex Procedures 
3n Misreads 
problem Misreads problem   
Q01 C MCQ 1 0 Algebra Using Complex Procedures 
n - 5 Reads 
first part of 
problem only 
Reads only part of 
problem   
Q01 D MCQ 1 0 Algebra Using Complex Procedures 
3n - 5 Misreads 
problem Misreads problem   
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Table 9-5:  Partial Credit reporting format – Scale order (continued) 
Item  
Distractor or 
Category 
Response 
Format 
Response 
Category 
Threshold 
(ADS) 
Content 
Category 
Performance 
Category 
Distractor 
Description 
Distractor Inference Response Category Scale Position 
O07 A MCQ 2 255 Algebra 
Performing 
Routine 
Procedures 
x = 2  Divides 
by 5, 3x = 6 
Unable to solve 
equation with x on 
LHS 
   
O07 C MCQ 2 255 Algebra 
Performing 
Routine 
Procedures 
Ignores +5 
Unable to solve 
equation with x on 
LHS 
   
P10 A MCQ 2 281 Algebra Knowing m+4 Confuses operations 
Does not understand 
index notation    
P10 C MCQ 2 281 Algebra Knowing m
4 Confuses + 
and * 
Does not understand 
index notation    
L16 72 Short Answer 2 339 Algebra 
Performing 
Routine 
Procedures 
Does not 
eliminate x 
from both sides 
Incomplete 
understanding of 
equation solution 
method 
   
J18 C MCQ 2 370 Algebra 
Performing 
Routine 
Procedures 
Doubles x 
value 
Cannot correctly 
recognizes number 
relationship in a 
pattern 
   
J18 D MCQ 2 370 Algebra 
Performing 
Routine 
Procedures 
Two less than 
next value (like 
x value) 
Cannot correctly 
recognizes number 
relationship in a 
pattern 
   
L11 A MCQ 2 370 Algebra Solving Problems Adds drops only 
Misunderstands 
question    
L11 D MCQ 2 370 Algebra Solving Problems Doubles first drop 
Misunderstands 
question    
P15 A MCQ 2 370 Algebra Knowing 
Confuses + 
and * Does not 
understand 
index notation 
Does not understand 
index notation    
PL02/
SM03 B MCQ 2 370 
Data 
representation
, analysis, and 
probability 
Problem Solving Selects 100 marbles 
Possible confusion 
with percentages    
PL02/
SM03 C MCQ 2 370 
Data 
representation
, analysis, and 
probability 
Problem Solving Selects 1000 marbles 
Most objects equated 
with greatest chance    
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Table 9-5:  Partial Credit reporting format – Scale order (continued) 
Item  
Distractor or 
Category 
Response 
Format 
Response 
Category 
Threshold 
(ADS) 
Content 
Category 
Performance 
Category 
Distractor 
Description 
Distractor Inference Response Category Scale Position 
N13 70 Short Answer 2 423 Algebra 
Performing 
Routine 
Procedures 
Incomplete 
correct solution 
Partial substitution in 
an algebraic problem    
N13 71 Short Answer 2 423 Algebra 
Performing 
Routine 
Procedures 
Incorrect 
substitution 
Unable to substitute 
correctly in an 
algebraic equation 
   
P15 B MCQ 3 434 Algebra Knowing Correct Understands index notation   
PL02/
SM03 A MCQ 3 434 
Data 
representation
, analysis, and 
probability 
Problem Solving Correct Able to use basic concept of probability   
I04 75 Open Response 2 444 Algebra Solving Problems 
There is no 
other number 
that occurs in 
both 
sequences' or 
any similar 
explanation 
Unable to solve a 
two-step problem    
N13 10 Short Answer 3 444 Algebra 
Performing 
Routine 
Procedures 
3 Correct Substitutes in an algebraic problem   
N13 11 Short Answer 3 444 Algebra 
Performing 
Routine 
Procedures 
Correct 
fractional 
answer (not 
lowest terms) 
Substitutes in an 
algebraic problem   
I04 70 Open Response 3 464 Algebra Solving Problems 27 and 38 
Solves only part of a 
two-step problem    
I04 71 Open Response 3 464 Algebra Solving Problems 27 or 38 
Solves only part of a 
two-step problem    
L16 70 Short Answer 3 464 Algebra 
Performing 
Routine 
Procedures 
Correct 
procedure but 
incorrect sign 
of x or 
numbers 
Problems with signs 
in equation solution    
L16 71 Short Answer 3 464 Algebra 
Performing 
Routine 
Procedures 
Correct 
procedure but 
incorrect sign 
of x or 
numbers 
Problems with signs 
in equation solution    
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Table 9-5:  Partial Credit reporting format – Scale order (continued) 
Item  
Distractor or 
Category 
Response 
Format 
Response 
Category 
Threshold 
(ADS) 
Content 
Category 
Performance 
Category 
Distractor 
Description 
Distractor Inference Response Category Scale Position 
O07 B MCQ 3 464 Algebra 
Performing 
Routine 
Procedures 
Correct 
Able to solve 
equation with x on 
LHS only 
  
I04 10 Open Response 4 507 Algebra Solving Problems Correct (52) 
Able to solve a two-
step problem   
J18 B MCQ 3 507 Algebra 
Performing 
Routine 
Procedures 
Correct 
Correctly recognizes 
number relationship 
in a pattern 
  
P10 B MCQ 3 517 Algebra Knowing Correct Understands index notation   
Q01 E MCQ 2 517 Algebra 
Using Complex 
Procedures 3(n - 5) Correct 
Able to represent 
problem in algebraic 
form 
  
K04 C MCQ 2 549 Algebra 
Performing 
Routine 
Procedures 
Correct Understands inequality rules   
L16 10 Short Answer 4 570 Algebra 
Performing 
Routine 
Procedures 
Correct Able to solve a linear equation for x   
L11 C MCQ 3 591 Algebra Solving Problems Correct Able to solve two-step problem   
 
 154 
Table 9-6:  Partial Credit reporting format – Scale and Response Format 
order 
Table 9-6 shows the data sorted simultaneously by two criteria: Scale and Response 
Format. That is, the ADS scale and either multiple choice (MCQ), short answer, or 
open response format items. This is intended to reveal whether or not the item format 
effects the difficulty of responding in a particular response category. That is, this table 
has been sorted first by the response category threshold value, and then by the 
content category. This highlights, for example, that for this selection of items, that all 
response categories are well-represented through-out the ADS scale in terms of the 
difficulty of response categories.  
Visually, an immediate difference is found in the multiple-choice item K04. A student 
needs to have an ability estimate above the total mean to be likely to respond 
correctly (549 or higher). Another item that shares a similar feature is the multiple-
choice item Q01.  
However, for the short answer item N13, a student with an ability estimate at the 
mean (500) is likely to have given a fully correct response. This situation is also true 
for the open response item I04, the short answer item L16, and the two multiple-
choice items O07 and P15. The link item, PL02/SM03, also multiple-choice, has this 
feature too.  
Overall, for this set of items it appears that the response format is not having any 
effect greater than that of the difficulty of the particular distractor, or response 
category. 
While apparently a trivial way to examine items and their response category difficulty, 
it does make some details visible very easily. As noted above, there appears to be no 
bias, for or against, any response format. At the same time, it is a trivial matter to re-
sort these data in any way desired, in order to investigate such patterns, if one has 
an interactive, that is, not static, copy of the table of data. 
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Table 9-6:  Partial Credit reporting format – Scale and Response Format order 
Item  
Distractor or 
Category 
Response 
Format 
Response 
Category 
Threshold 
(ADS) 
Content 
Category 
Performance 
Category 
Distractor 
Description 
Distractor Inference Response Category Scale Position 
J18 A MCQ 1 0 Algebra 
Performing 
Routine 
Procedures 
Copies 
previous entry 
Cannot recognizes 
number relationship 
in a pattern 
  
J18 E MCQ 1 0 Algebra 
Performing 
Routine 
Procedures 
Subtracts 6 (y 
pattern in 
reverse order) 
Cannot correctly 
recognizes number 
relationship in a 
pattern 
  
K04 A MCQ 1 0 Algebra 
Performing 
Routine 
Procedures 
Translates 
denominator 
across < sign 
Does not understand 
inequality rules   
K04 B MCQ 1 0 Algebra 
Performing 
Routine 
Proceduress 
Subtracts 2 
from other side 
of in-equation 
Does not understand 
inequality rules   
K04 D MCQ 1 0 Algebra 
Performing 
Routine 
Procedures 
Subtracts 2 
and changes 
sign to > 
Does not understand 
inequality rules   
K04 E MCQ 1 0 Algebra 
Performing 
Routine 
Procedures 
Multiplies by 2 
and changes 
sign to > 
Does not understand 
inequality rules   
L11 B MCQ 1 0 Algebra Solving Problems Misses last 'drop' Misreads question   
O07 D MCQ 1 0 Algebra 
Performing 
Routine 
Procedures 
Multiplies by 3, 
adds 5 to right-
hand-side 
Unable to solve 
equation with x on 
LHS 
  
P10 D MCQ 1 0 Algebra Knowing 4(m+1) Does not understand index notation   
P15 C 
MCQ 
1 
0 Algebra Knowing 
3y Does not 
understand 
index notation 
Does not understand 
index notation   
P15 D MCQ 1 0 Algebra Knowing 
y2 + y Does not 
understand 
index notation 
Does not understand 
index notation   
Q01 A MCQ 1 0 Algebra Using Complex Procedures 
5 - 3n 
Represents 
problem order 
Does not understand 
problem   
Q01 B MCQ 1 0 Algebra Using Complex Procedures 
3n Misreads 
problem Misreads problem   
Q01 C MCQ 1 0 Algebra Using Complex Procedures 
n - 5 Reads 
first part of 
problem only 
Reads only part of 
problem   
Q01 D MCQ 1 0 Algebra Using Complex Procedures 
3n - 5 Misreads 
problem Misreads problem   
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Table 9-6:  Partial Credit reporting format – Scale and Response Format order (continued) 
Item  
Distractor or 
Category 
Response 
Format 
Response 
Category 
Threshold 
(ADS) 
Content 
Category 
Performance 
Category 
Distractor 
Description 
Distractor Inference Response Category Scale Position 
I04 72 Open Response 1 0 Algebra Solving Problems 17 Misreads question   
I04 73 Open Response 1 0 Algebra Solving Problems 31 Misread question   
I04 74 Open Response 1 0 Algebra Solving Problems 42 
Unable to solve a 
two-step problem   
I04 79 Open Response 1 0 Algebra Solving Problems Other incorrect 
Unable to solve a 
two-step problem   
L16 79 Short Answer 1 0 Algebra 
Performing 
Routine 
Procedures 
Other incorrect Cannot solve linear equation   
N13 72 Short Answer 1 0 Algebra 
Performing 
Routine 
Procedures 
Response still 
contains x Incomplete solution   
N13 79 Short Answer 1 0 Algebra 
Performing 
Routine 
Procedures 
Other incorrect Unable to solve an algebraic equation   
PL02/
SM03 D MCQ 1 0 
Data 
representation
, analysis, and 
probability 
Problem Solving Focuses on the one red marble 
Does not understand 
concept of probability   
O07 A MCQ 2 255 Algebra 
Performing 
Routine 
Procedures 
x = 2  Divides 
by 5, 3x = 6 
Unable to solve 
equation with x on 
LHS 
   
O07 C MCQ 2 255 Algebra 
Performing 
Routine 
Procedures 
Ignores +5 
Unable to solve 
equation with x on 
LHS 
   
P10 A MCQ 2 281 Algebra Knowing m+4 Confuses operations 
Does not understand 
index notation    
P10 C MCQ 2 281 Algebra Knowing m
4 Confuses + 
and * 
Does not understand 
index notation    
L16 72 Short Answer 2 339 Algebra 
Performing 
Routine 
Procedures 
Does not 
eliminate x 
from both sides 
Incomplete 
understanding of 
equation solution 
method 
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Table 9-6:  Partial Credit reporting format – Scale and Response Format order (continued) 
Item  
Distractor or 
Category 
Response 
Format 
Response 
Category 
Threshold 
(ADS) 
Content 
Category 
Performance 
Category 
Distractor 
Description 
Distractor Inference Response Category Scale Position 
J18 C MCQ 2 370 Algebra 
Performing 
Routine 
Procedures 
Doubles x 
value 
Cannot correctly 
recognizes number 
relationship in a 
pattern 
   
J18 D MCQ 2 370 Algebra 
Performing 
Routine 
Procedures 
Two less than 
next value (like 
x value) 
Cannot correctly 
recognizes number 
relationship in a 
pattern 
   
L11 A MCQ 2 370 Algebra Solving Problems Adds drops only 
Misunderstands 
question    
L11 D MCQ 2 370 Algebra Solving Problems Doubles first drop 
Misunderstands 
question    
P15 A MCQ 2 370 Algebra Knowing 
Confuses + 
and * Does not 
understand 
index notation 
Does not understand 
index notation    
PL02/
SM03 B MCQ 2 370 
Data 
representation
, analysis, and 
probability 
Problem Solving Selects 100 marbles 
Possible confusion 
with percentages    
PL02/
SM03 C MCQ 2 370 
Data 
representation
, analysis, and 
probability 
Problem Solving Selects 1000 marbles 
Most objects equated 
with greatest chance    
N13 70 Short Answer 2 423 Algebra 
Performing 
Routine 
Procedures 
Incomplete 
correct solution 
Partial substitution in 
an algebraic problem    
N13 71 Short Answer 2 423 Algebra 
Performing 
Routine 
Procedures 
Incorrect 
substitution 
Unable to substitute 
correctly in an 
algebraic equation 
   
P15 B MCQ 3 434 Algebra Knowing Correct Understands index notation   
PL02/
SM03 A MCQ 3 434 
Data 
representation
, analysis, and 
probability 
Problem Solving Correct Able to use basic concept of probability   
 
 
  
 
 
158 
Mean Score 
0               100             200              300             400            500              600             700             800             900           1000 
Table 9-6:  Partial Credit reporting format – Scale and Response Format order (continued) 
Item  
Distractor or 
Category 
Response 
Format 
Response 
Category 
Threshold 
(ADS) 
Content 
Category 
Performance 
Category 
Distractor 
Description 
Distractor Inference Response Category Scale Position 
I04 75 Open Response 2 444 Algebra Solving Problems 
There is no 
other number 
that occurs in 
both 
sequences’ or 
any similar 
explanation 
Unable to solve a 
two-step problem    
N13 10 Short Answer 3 444 Algebra 
Performing 
Routine 
Procedures 
3 Correct Substitutes in an algebraic problem   
N13 11 Short Answer 3 444 Algebra 
Performing 
Routine 
Procedures 
Correct 
fractional 
answer (not 
lowest terms) 
Substitutes in an 
algebraic problem   
O07 B MCQ 3 464 Algebra 
Performing 
Routine 
Procedures 
Correct 
Able to solve 
equation with x on 
LHS only 
  
I04 70 Open Response 3 464 Algebra Solving Problems 27 and 38 
Solves only part of a 
two-step problem    
I04 71 Open Response 3 464 Algebra Solving Problems 27 or 38 
Solves only part of a 
two-step problem    
L16 70 Short Answer 3 464 Algebra 
Performing 
Routine 
Procedures 
Correct 
procedure but 
incorrect sign 
of x or 
numbers 
Problems with signs 
in equation solution    
L16 71 Short Answer 3 464 Algebra 
Performing 
Routine 
Procedures 
Correct 
procedure but 
incorrect sign 
of x or 
numbers 
Problems with signs 
in equation solution    
J18 B MCQ 3 507 Algebra 
Performing 
Routine 
Procedures 
Correct 
Correctly recognizes 
number relationship 
in a pattern 
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Table 9-6:  Partial Credit reporting format – Scale and Response Format order (continued) 
Item  
Distractor or 
Category 
Response 
Format 
Response 
Category 
Threshold 
(ADS) 
Content 
Category 
Performance 
Category 
Distractor 
Description 
Distractor Inference Response Category Scale Position 
I04 10 Open Response 4 507 Algebra Solving Problems Correct (52) 
Able to solve a two-
step problem   
P10 B MCQ 3 517 Algebra Knowing Correct Understands index notation   
Q01 E MCQ 2 517 Algebra 
Using Complex 
Procedures 3(n - 5) Correct 
Able to represent 
problem in algebraic 
form 
  
K04 C MCQ 2 549 Algebra 
Performing 
Routine 
Procedures 
Correct Understands inequality rules   
L16 10 Short Answer 4 570 Algebra 
Performing 
Routine 
Procedures 
Correct Able to solve a linear equation for x   
L11 C MCQ 3 591 Algebra Solving Problems Correct Able to solve two-step problem   
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Table 9-7:  Sample Partial Credit reporting format – Performance  
It is possible to re-sort the table to ascertain whether or not the Performance 
Category has an effect on item difficulty. Table 9-7 looks at the set of items from this 
perspective.  
As can be seen from the table, only two items, P10 and P15, have the Performance 
Category of ‘Knowing’, and as is seen easily, have a similar pattern of response to 
items with the Performance Category ‘Performing Routine Procedures’. For example 
items J18 and K04. However, as all these items are in multiple-choice response 
format, there may well be effects from this factor.  
Item Q01 has the Performance Category ‘Using Complex Procedures’, which, as its 
name suggests, should be the most difficult category of performance: however, it is, 
surprisingly, a multiple-choice item, with all but one category of response, correct, 
collapsed to the same threshold. Similarly, Items N13 and K04 demonstrate this loss 
of information in the PCM analysis, as they show how multiple correct, or incorrect, 
responses are collapsed to the same threshold. But the question remains, do all 
these responses require the the same ability? 
This re-sorted table of information can inform, for example, questions of whether 
content categories are hierarchical of themselves, or whether they are item-
dependent for their ordering? It can also assist assesment programme developers in 
ensuring, if they wish to, difficulty consistency within a performance category: or, 
indeed, the opposite. 
While the Performance Category sorted table would appear not to provide a great 
deal of information for this set of items, it is possible that the same sorting procedure, 
on the entire set of items, could reveal details of whether performance categories can 
provide an understanding of student performance on items, even if limited by the 
PCM collapsing of categories of response.  
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Table 9-7:  Partial Credit reporting format – Performance Category order 
Item  
Distractor or 
Category 
Response 
Format 
Response 
Category 
Threshold 
(ADS) 
Content 
Category 
Performance 
Category 
Distractor 
Description 
Distractor Inference Response Category Scale Position 
P10 D MCQ 1 0 Algebra Knowing 4(m+1) Does not understand index notation   
P10 A MCQ 2 281 Algebra Knowing m+4 Confuses operations 
Does not understand 
index notation    
P10 C MCQ 2 281 Algebra Knowing m
4 Confuses + 
and * 
Does not understand 
index notation    
P10 B MCQ 3 517 Algebra Knowing Correct Understands index notation   
P15 C MCQ 1 0 Algebra Knowing 
3y Does not 
understand 
index notation 
Does not understand 
index notation   
P15 D MCQ 1 0 Algebra Knowing 
y2 + y Does not 
understand 
index notation 
Does not understand 
index notation   
P15 A MCQ 2 370 Algebra Knowing 
Confuses + 
and * Does not 
understand 
index notation 
Does not understand 
index notation    
P15 B MCQ 3 434 Algebra Knowing Correct Understands index notation   
J18 A MCQ 1 0 Algebra 
Performing 
Routine 
Procedures 
Copies 
previous entry 
Cannot recognizes 
number relationship 
in a pattern 
  
J18 E MCQ 1 0 Algebra 
Performing 
Routine 
Procedures 
Subtracts 6 (y 
pattern in 
reverse order) 
Cannot correctly 
recognizes number 
relationship in a 
pattern 
  
J18 C MCQ 2 370 Algebra 
Performing 
Routine 
Procedures 
Doubles x 
value 
Cannot correctly 
recognizes number 
relationship in a 
pattern 
   
J18 D MCQ 2 370 Algebra 
Performing 
Routine 
Procedures 
Two less than 
next value (like 
x value) 
Cannot correctly 
recognizes number 
relationship in a 
pattern 
   
J18 B MCQ 3 507 Algebra 
Performing 
Routine 
Procedures 
Correct 
Correctly recognizes 
number relationship 
in a pattern 
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Table 9-7:  Partial Credit reporting format – Performance category order (continued) 
Item  
Distractor or 
Category 
Response 
Format 
Response 
Category 
Threshold 
(ADS) 
Content 
Category 
Performance 
Category 
Distractor 
Description 
Distractor Inference Response Category Scale Position 
K04 A MCQ 1 0 Algebra 
Performing 
Routine 
Procedures 
Translates 
denominator 
across < sign 
Does not understand 
inequality rules   
K04 D MCQ 1 0 Algebra 
Performing 
Routine 
Procedures 
Subtracts 2 
and changes 
sign to > 
Does not understand 
inequality rules   
K04 E MCQ 1 0 Algebra 
Performing 
Routine 
Procedures 
Multiplies by 2 
and changes 
sign to > 
Does not understand 
inequality rules   
K04 C MCQ 2 549 Algebra 
Performing 
Routine 
Procedures 
Correct Understands inequality rules   
L16 79 Short Answer 1 0 Algebra 
Performing 
Routine 
Procedures 
Other incorrect Cannot solve linear equation   
L16 72 Short Answer 2 339 Algebra 
Performing 
Routine 
Procedures 
Does not 
eliminate x 
from both sides 
Incomplete 
understanding of 
equation solution 
method 
   
L16 70 Short Answer 3 464 Algebra 
Performing 
Routine 
Procedures 
Correct 
procedure but 
incorrect sign 
of x or 
numbers 
Problems with signs 
in equation solution    
L16 71 Short Answer 3 464 Algebra 
Performing 
Routine 
Procedures 
Correct 
procedure but 
incorrect sign 
of x or 
numbers 
Problems with signs 
in equation solution    
L16 10 Short Answer 4 570 Algebra 
Performing 
Routine 
Procedures 
Correct Able to solve a linear equation for x   
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Table 9-7:  Partial Credit reporting format – Performance category order (continued) 
Item  
Distractor or 
Category 
Response 
Format 
Response 
Category 
Threshold 
(ADS) 
Content 
Category 
Performance 
Category 
Distractor 
Description 
Distractor 
Inference 
Response Category Scale Position 
N13 72 Short Answer 1 0 Algebra 
Performing 
Routine 
Procedures 
Response still 
contains x 
Incomplete 
solution   
N13 79 Short Answer 1 0 Algebra 
Performing 
Routine 
Procedures 
Other incorrect 
Unable to 
solve an 
algebraic 
equation 
  
N13 70 Short Answer 2 423 Algebra 
Performing 
Routine 
Procedures 
Incomplete 
correct solution 
Partial 
substitution 
in an 
algebraic 
problem 
   
N13 71 Short Answer 2 423 Algebra 
Performing 
Routine 
Procedures 
Incorrect 
substitution 
Unable to 
substitute 
correctly in 
an algebraic 
equation 
   
N13 10 Short Answer 3 444 Algebra 
Performing 
Routine 
Procedures 
3 Correct 
Substitutes 
in an 
algebraic 
problem 
  
N13 11 Short Answer 3 444 Algebra 
Performing 
Routine 
Procedures 
Correct 
fractional 
answer (not 
lowest terms) 
Substitutes 
in an 
algebraic 
problem 
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Table 9-7:  Partial Credit reporting format – Performance category order (continued) 
Item  
Distractor or 
Category 
Response 
Format 
Response 
Category 
Threshold 
(ADS) 
Content 
Category 
Performance 
Category 
Distractor 
Description 
Distractor 
Inference 
Response Category Scale Position 
O07 D MCQ 1 0 Algebra 
Performing 
Routine 
Procedures 
Multiplies by 3, 
adds 5 to right-
hand-side 
Unable to 
solve 
equation 
with x on 
LHS 
  
O07 A MCQ 2 255 Algebra 
Performing 
Routine 
Procedures 
x = 2  Divides 
by 5, 3x = 6 
Unable to 
solve 
equation 
with x on 
LHS 
   
O07 C MCQ 2 255 Algebra 
Performing 
Routine 
Procedures 
Ignores +5 
Unable to 
solve 
equation 
with x on 
LHS 
   
O07 B MCQ 3 464 Algebra 
Performing 
Routine 
Procedures 
Correct 
Able to 
solve 
equation 
with x on 
LHS only 
  
K04 B MCQ 1 0 Algebra 
Performing 
Routine 
Proceduress 
Subtracts 2 
from other side 
of in-equation 
Does not 
understand 
inequality 
rules 
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Table 9-7:  Partial Credit reporting format – Performance category order (continued) 
Item  
Distractor or 
Category 
Response 
Format 
Response 
Category 
Threshold 
(ADS) 
Content 
Category 
Performance 
Category 
Distractor 
Description 
Distractor Inference Response Category Scale Position 
PL02/
SM03 D MCQ 1 0 
Data 
representation
, analysis, and 
probability 
Problem Solving Focuses on the one red marble 
Does not understand 
concept of probability   
PL02/
SM03 B MCQ 2 370 
Data 
representation
, analysis, and 
probability 
Problem Solving Selects 100 marbles 
Possible confusion 
with percentages    
PL02/
SM03 C MCQ 2 370 
Data 
representation
, analysis, and 
probability 
Problem Solving Selects 1000 marbles 
Most objects equated 
with greatest chance    
PL02/
SM03 A MCQ 3 434 
Data 
representation
, analysis, and 
probability 
Problem Solving Correct Able to use basic concept of probability   
I04 72 Open Response 1 0 Algebra Solving Problems 17 Misreads question   
I04 73 Open Response 1 0 Algebra Solving Problems 31 Misread question   
I04 74 Open Response 1 0 Algebra Solving Problems 42 
Unable to solve a 
two-step problem   
I04 79 Open Response 1 0 Algebra Solving Problems Other incorrect 
Unable to solve a 
two-step problem   
I04 75 Open Response 2 444 Algebra Solving Problems 
There is no 
other number 
that occurs in 
both 
sequences' or 
any similar 
explanation 
Unable to solve a 
two-step problem    
I04 70 Open Response 3 464 Algebra Solving Problems 27 and 38 
Solves only part of a 
two-step problem    
I04 71 Open Response 3 464 Algebra Solving Problems 27 or 38 
Solves only part of a 
two-step problem    
I04 10 Open Response 4 507 Algebra Solving Problems Correct (52) 
Able to solve a two-
step problem   
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Table 9-7:  Partial Credit reporting format – Performance category order (continued) 
Item  
Distractor or 
Category 
Response 
Format 
Response 
Category 
Threshold 
(ADS) 
Content 
Category 
Performance 
Category 
Distractor 
Description 
Distractor Inference Response Category Scale Position 
L11 B MCQ 1 0 Algebra Solving Problems Misses last 'drop' Misreads question   
L11 A MCQ 2 370 Algebra Solving Problems Adds drops only 
Misunderstands 
question    
L11 D MCQ 2 370 Algebra Solving Problems Doubles first drop 
Misunderstands 
question    
L11 C MCQ 3 591 Algebra Solving Problems Correct Able to solve two-step problem   
Q01 A MCQ 1 0 Algebra Using Complex Procedures 
5 - 3n 
Represents 
problem order 
Does not understand 
problem   
Q01 B MCQ 1 0 Algebra Using Complex Procedures 
3n Misreads 
problem Misreads problem   
Q01 C MCQ 1 0 Algebra Using Complex Procedures 
n - 5 Reads 
first part of 
problem only 
Reads only part of 
problem   
Q01 D MCQ 1 0 Algebra Using Complex Procedures 
3n - 5 Misreads 
problem Misreads problem   
Q01 E MCQ 2 517 Algebra 
Using Complex 
Procedures 3(n - 5) Correct 
Able to represent 
problem in algebraic 
form 
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Table 9-8:  Sample Partial Credit Model reporting format – Correct 
Response, Scale, and Performance Category order 
In Table 9-8 the data have been sorted by three criteria: correctness of 
response, scale value, and Performance Category, in that order. The first 
thing that strikes one in this table is how easy it makes it to see that students 
with the average score (500 on the ADS) are likely to respond to items K04 in 
the lowest (incorrect) response category. Further, these same students would 
likely also to have difficulty with items L11 and L16, but tems O07 and J18 are 
likely to be answered correctly. While the above information has been gleaned 
for students with the average score, all other student scores can be used in 
the same manner. 
This table also shows that for some items, L13 for example, two of the 
incorrect response categories are combined: that is they have the same 
thresholds. This is a major drawback of the partial Credit model in this 
application, not because they appear to be identical in the table, .but because 
it implies that the ability estimate for responding in the two categories is the 
same. It is possible that the students responding in, say, category 70, have a 
higher overall abiltiy estimate than those whose response is in category 71. 
This is a loss of formative information. 
These sample tables do not, of course, exhaust the possibilities to which the 
overall item detail table can be put. The ease of sorting the example tables, 
which were constructed in Microsoft Word, suggests, strongly, that providing a 
‘sortable’ table, or other interactive format, as part of the reporting regimen of 
large-scale assessment programmes, is valuable, if not essential, for 
providing educators with a formative tool from these programmes, a point 
strongly endorsed by Mead, (2009a, 2009b) with his advocacy of Intelligent 
Student Reports. 
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Table 9-8:  Sample Partial Credit Model reporting format – Correct Response, Scale, and Performance Category order 
Item  
Distractor or 
Category 
Response 
Format 
Response 
Category 
Threshold 
(ADS) 
Content 
Category 
Performance 
Category 
Distractor 
Description 
Distractor Inference Response Category Scale Position 
P10 D MCQ 1 0 Algebra Knowing 4(m+1) Does not understand index notation   
P15 C MCQ 1 0 Algebra Knowing 
3y Does not 
understand 
index notation 
Does not understand 
index notation   
P15 D MCQ 1 0 Algebra Knowing 
y2 + y Does not 
understand 
index notation 
Does not understand 
index notation   
J18 A MCQ 1 0 Algebra 
Performing 
Routine 
Procedures 
Copies 
previous entry 
Cannot recognizes 
number relationship 
in a pattern 
  
J18 E MCQ 1 0 Algebra 
Performing 
Routine 
Procedures 
Subtracts 6 (y 
pattern in 
reverse order) 
Cannot correctly 
recognizes number 
relationship in a 
pattern 
  
K04 A MCQ 1 0 Algebra 
Performing 
Routine 
Procedures 
Translates 
denominator 
across < sign 
Does not understand 
inequality rules   
K04 D MCQ 1 0 Algebra 
Performing 
Routine 
Procedures 
Subtracts 2 
and changes 
sign to > 
Does not understand 
inequality rules   
K04 E MCQ 1 0 Algebra 
Performing 
Routine 
Procedures 
Multiplies by 2 
and changes 
sign to > 
Does not understand 
inequality rules   
L16 79 Short Answer 1 0 Algebra 
Performing 
Routine 
Procedures 
Other incorrect Cannot solve linear equation   
N13 72 Short Answer 1 0 Algebra 
Performing 
Routine 
Procedures 
Response still 
contains x Incomplete solution   
N13 79 Short Answer 1 0 Algebra 
Performing 
Routine 
Procedures 
Other incorrect Unable to solve an algebraic equation   
O07 D MCQ 1 0 Algebra 
Performing 
Routine 
Procedures 
Multiplies by 3, 
adds 5 to right-
hand-side 
Unable to solve 
equation with x on 
LHS 
  
K04 B MCQ 1 0 Algebra 
Performing 
Routine 
Proceduress 
Subtracts 2 
from other side 
of in-equation 
Does not understand 
inequality rules   
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Table 9-8:  Sample Partial Credit Model reporting format – Correct Response, Scale, and Performance Category order (continued) 
Item  
Distractor or 
Category 
Response 
Format 
Response 
Category 
Threshold 
(ADS) 
Content 
Category 
Performance 
Category 
Distractor 
Description 
Distractor Inference Response Category Scale Position 
I04 72 Open Response 1 0 Algebra Solving Problems 17 Misreads question   
I04 73 Open Response 1 0 Algebra Solving Problems 31 Misread question   
I04 79 Open Response 1 0 Algebra Solving Problems Other incorrect 
Unable to solve a 
two-step problem   
L11 B MCQ 1 0 Algebra Solving Problems Misses last 'drop' Misreads question   
Q01 A MCQ 1 0 Algebra Using Complex Procedures 
5 - 3n 
Represents 
problem order 
Does not understand 
problem   
Q01 B MCQ 1 0 Algebra Using Complex Procedures 
3n Misreads 
problem Misreads problem   
Q01 C MCQ 1 0 Algebra Using Complex Procedures 
n - 5 Reads 
first part of 
problem only 
Reads only part of 
problem   
Q01 D MCQ 1 0 Algebra Using Complex Procedures 
3n - 5 Misreads 
problem Misreads problem   
I04 74 Open Response 1 0 Algebra Solving Problems 42 
Unable to solve a 
two-step problem   
PL02/
SM03 D MCQ 1 0 
Data 
representation
, analysis, and 
probability 
Problem Solving Focuses on the one red marble 
Does not understand 
concept of probability   
O07 A MCQ 2 255 Algebra 
Performing 
Routine 
Procedures 
x = 2  Divides 
by 5, 3x = 6 
Unable to solve 
equation with x on 
LHS 
   
O07 C MCQ 2 255 Algebra 
Performing 
Routine 
Procedures 
Ignores +5 
Unable to solve 
equation with x on 
LHS 
   
P10 A MCQ 2 281 Algebra Knowing m+4 Confuses operations 
Does not understand 
index notation    
P10 C MCQ 2 281 Algebra Knowing m
4 Confuses + 
and * 
Does not understand 
index notation    
L16 72 Short Answer 2 339 Algebra 
Performing 
Routine 
Procedures 
Does not 
eliminate x 
from both sides 
Incomplete 
understanding of 
equation solution 
method 
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Table 9-8:  Sample Partial Credit Model reporting format – Correct Response, Scale, and Performance Category order (continued) 
Item  
Distractor or 
Category 
Response 
Format 
Response 
Category 
Threshold 
(ADS) 
Content 
Category 
Performance 
Category 
Distractor 
Description 
Distractor Inference Response Category Scale Position 
P15 A MCQ 2 370 Algebra Knowing 
Confuses + 
and * Does not 
understand 
index notation 
Does not understand 
index notation    
J18 C MCQ 2 370 Algebra 
Performing 
Routine 
Procedures 
Doubles x 
value 
Cannot correctly 
recognizes number 
relationship in a 
pattern 
   
J18 D MCQ 2 370 Algebra 
Performing 
Routine 
Procedures 
Two less than 
next value (like 
x value) 
Cannot correctly 
recognizes number 
relationship in a 
pattern 
   
L11 A MCQ 2 370 Algebra Solving Problems Adds drops only 
Misunderstands 
question    
L11 D MCQ 2 370 Algebra Solving Problems Doubles first drop 
Misunderstands 
question    
PL02/
SM03 B MCQ 2 370 
Data 
representation
, analysis, and 
probability 
Problem Solving Selects 100 marbles 
Possible confusion 
with percentages    
PL02/
SM03 C MCQ 2 370 
Data 
representation
, analysis, and 
probability 
Problem Solving Selects 1000 marbles 
Most objects equated 
with greatest chance    
N13 70 Short Answer 2 423 Algebra 
Performing 
Routine 
Procedures 
Incomplete 
correct solution 
Partial substitution in 
an algebraic problem    
N13 71 Short Answer 2 423 Algebra 
Performing 
Routine 
Procedures 
Incorrect 
substitution 
Unable to substitute 
correctly in an 
algebraic equation 
   
P15 B MCQ 3 434 Algebra Knowing Correct Understands index notation   
PL02/
SM03 A MCQ 3 434 
Data 
representation
, analysis, and 
probability 
Problem Solving Correct Able to use basic concept of probability   
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Table 9-8:  Sample Partial Credit Model reporting format – Correct Response, Scale, and Performance Category order (continued) 
Item  
Distractor or 
Category 
Response 
Format 
Response 
Category 
Threshold 
(ADS) 
Content 
Category 
Performance 
Category 
Distractor 
Description 
Distractor Inference Response Category Scale Position 
N13 10 Short Answer 3 444 Algebra 
Performing 
Routine 
Procedures 
3 Correct Substitutes in an algebraic problem   
N13 11 Short Answer 3 444 Algebra 
Performing 
Routine 
Procedures 
Correct 
fractional 
answer (not 
lowest terms) 
Substitutes in an 
algebraic problem   
I04 75 Open Response 2 444 Algebra Solving Problems 
There is no 
other number 
that occurs in 
both 
sequences’ or 
any similar 
explanation 
Unable to solve a 
two-step problem    
L16 70 Short Answer 3 464 Algebra 
Performing 
Routine 
Procedures 
Correct 
procedure but 
incorrect sign 
of x or 
numbers 
Problems with signs 
in equation solution    
L16 71 Short Answer 3 464 Algebra 
Performing 
Routine 
Procedures 
Correct 
procedure but 
incorrect sign 
of x or 
numbers 
Problems with signs 
in equation solution    
O07 B MCQ 3 464 Algebra 
Performing 
Routine 
Procedures 
Correct 
Able to solve 
equation with x on 
LHS only 
  
I04 70 Open Response 3 464 Algebra Solving Problems 27 and 38 
Solves only part of a 
two-step problem    
I04 71 Open Response 3 464 Algebra Solving Problems 27 or 38 
Solves only part of a 
two-step problem    
J18 B MCQ 3 507 Algebra 
Performing 
Routine 
Procedures 
Correct 
Correctly recognizes 
number relationship 
in a pattern 
  
I04 10 Open Response 4 507 Algebra Solving Problems Correct (52) 
Able to solve a two-
step problem   
P10 B MCQ 3 517 Algebra Knowing Correct Understands index notation   
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Table 9-8:  Sample Partial Credit Model reporting format – Correct Response, Scale, and Performance Category order (continued) 
Item  
Distractor or 
Category 
Response 
Format 
Response 
Category 
Threshold 
(ADS) 
Content 
Category 
Performance 
Category 
Distractor 
Description 
Distractor Inference Response Category Scale Position 
Q01 E MCQ 2 517 Algebra 
Using Complex 
Procedures 3(n – 5) Correct 
Able to represent 
problem in algebraic 
form 
  
K04 C MCQ 2 549 Algebra 
Performing 
Routine 
Procedures 
Correct Understands inequality rules   
L16 10 Short Answer 4 570 Algebra 
Performing 
Routine 
Procedures 
Correct Able to solve a linear equation for x   
L11 C MCQ 3 591 Algebra Solving Problems Correct Able to solve two-step problem   
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Summary 
A Masters Partial Credit Model analysis has a clear, singular advantage over 
simple correct-incorrect analyses for relating student ability to item response 
patterns. It allows relating formative information to ability estimates (scores), 
and patterns of item responses. This is particularly the case when the 
following two practices have been adopted: 
• Multiple-choice items have been constructed with research-
based distractors; and  
• Open response items have response categories that are 
cognitively distinct. 
The first point has been noted elsewhere (see, for example, Briggs, et al., 
2006; Doig & Lindsey, 2002) and a percentage of distractors for the TIMSS 
items address this point. However, when distractors are not based on 
research, little extra is to be had from much of the Partial Credit analysis.  
The second point, implies a need for extra item development time: trialled 
items need to be examined for the types of responses made by students, and 
then these must be categorized with the aim of providing cognitive 
information: that is, the different response categories need to be distinct in 
order to pin-point particular errors or misconceptions. 
Further, the information that can be revealed through the type of reporting 
shown in Table 9-4 to Table 9-8, if conducted during the assessment 
programme’s trialling period, may assist developers to manage the order and 
balance of item types and item content within a programme. 
If these points are addressed, there remains the issue of the use and 
reporting of all the data, which is one of the aims of the current study. The 
Partial Credit analysis has one aspect that reduces its overall efficiency in this 
regard. The example tables, while providing a great deal of information, also 
clearly show that responses are reduced to fewer than five categories. This 
can also be seen in the re-coding statements, shown in Figure 9.8, where 
different responses are grouped into the same response category. 
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Overall, it is argued that a Partial Credit analysis costs little extra in terms of 
analysis effort or time, but does require extra thought and effort during the 
item development phase of large-scale assessment programmes. To 
maximize the return on this, the reporting format must be in a flexible format. 
As shown in this chapter, the information provided by the item database 
needs to be in a format that allows choice of criteria for searching. Clearly, this 
means that access to an electronically formatted report is necessary, whether 
on-line or on disc, a view also endorsed by Mead (Mead, 2009a, 2009b). 
Further, if this is can be combined with an analysis that retains response 
differences completely, the goal of full, formative, information would be 
achieved. As we have seen, the Partial Credit Model analysis does not keep 
all response categories separate, but combines all those with the same score 
in the same category. Giving each response category a unique score, while 
feasible, is a somewhat clumsy solution to this issue. 
This leads to investigating the possible usefulness of Wilson’s Ordered 
Partition Model, which is undertaken in the following chapter. 
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Chapter 10 
Analysis Three 
The Partial Credit analysis of Chapter 9 and the reporting format 
devised to accompany it, described in Chapter 8, were a major 
breakthrough in attaining the goals of this study. This chapter sets 
out to complete the journey towards providing considerably more 
formative information from large-scale assessment programmes. 
The selected approach was Wilson’s Ordered Partition Model, 
which promised to be more useful than the Partial Credit model. 
The reason for Analysis 3 
The intention of this study is to provide a reporting scheme that uses all the 
information that can be gathered from student responses, whether they be to 
multiple-choice or open-response items. We saw in the previous chapter that 
Masters Partial Credit Model (PCM) provided more formative information than 
the commonly used correct-incorrect analysis, but it, too, was limited in the 
amount of distractor, or response category, information that it could provide. 
The cause of this loss of information was that whenever two, or more, 
responses are considered qualitatively equivalent, they are collapsed into the 
same category. Thus, any distinction between these responses is lost.  
In order to report the results of the Partial Credit analysis, in the most useful 
way, it was necessary to create an electronic reporting format that allows the 
educator to explore the item information in a myriad of ways, ways suited to 
their needs The reporting format developed for the PCM analysis would 
appear to be worthy of retention. Further advances, of course, may well be 
possible. 
To advance beyond an analysis involving collapsed response categories to an 
analysis of every response category individually, the most obvious analytic 
tool in the Rasch family of models, is Wilson’s Ordered Partition Model (OPM) 
(Wilson, 1992). As Briggs et al. (2006) point out, when referring to item 
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response information, ‘[O]ne alternative approach, [to a Partial Credit analysis] 
… is known as the Ordered Partition Model’ (p. 51), and Wilson himself 
described the OPM as an extension of the Partial Credit model (Wilson, 
1992). A further benefit of the OPM approach is that the ConQuest software 
(Wu, et al., 2007) also performs OPM analyses. 
An Ordered Partition Analysis 
An Ordered Partition Model analysis was undertaken, with item step 
difficulties anchored, from a Partial Credit analysis (Analysis 2) that was 
performed separately with ConQuest (Wu, et al., 2007), and this provided item 
estimates on the Australian Difficulty Scale (ADS).  
Part of the command file for the Ordered Partition Model is shown in Figure 
10.1. The majority of lines in this file are similar to those labelled nine to 
twelve in the figure, while the lines that are significantly different are described 
below. 
The commands shown in Figure 10.1 have the following intentions: 
Line 1 nominates the title of the analysis; 
Line 2 names the data file for the analysis; 
Line 3 requests that a log of the analysis be written; 
Line 4 requests that no warnings be provided; 
Line 5 requests that updates of the estimation procedure be provided; 
Line 6 gives the format of the data file; 
Line 7 lists the valid category codes; 
Line 8 requests that item names be imported and used in output tables; 
Line 9 shows the scoring of response categories for item 1; 
Line 10 shows the scoring of response categories for item 2; 
Line 11 shows the scoring of response categories for item 3; 
Line 12 shows the scoring of response categories for item 4; 
Line 13 states that the model is to estimate items and categories within 
items; 
Line 14 starts the estimation procedure; 
Line 15 requests case estimates to be output to the file opmcase3.shw; 
Line 16 requests that an itanal analysis be conducted and sent to the file 
opm.itn; 
Line 17 requests that Tables 2, 3, and 9, of parameters, be output to 
opmcase3.shw; 
Line 18 ends the analysis. 
 
As stated in the explanation of Line 13, Wilson’s Ordered Partition Model 
(OPM) is similar in structure to Masters Partial Credit model (PCM). The 
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subtle, but critical, differences in the command file is the change of the recode 
statements of the PCM (see Figure 10.1 for examples of the recode 
statements) to score commands for an OPM analysis.  
That is, rather than re-coding qualitatively similar categories, and thus 
collapsing them by giving them the one score value, the OPM scores each 
response category individually, and does not collapse the response 
categories. Thus, it is possible to score qualitatively different categories with 
the same score value, and still locate each category on the overall scale. 
Therefore it is possible to estimate the difficulty, or ease, of responding for 
each response category.  
Figure 10.1: Part of the command file for Analysis 3: Ordered Partition 
analysis 
 
 
 
 
 
 
 
 
 
 
 
 
 
1. Title ordered partition - analysis3; 
2. data pcm.dat; 
3. export logfile >> opm.log; 
4. set warnings = no; 
5. set update = yes; 
6. format pop 1 name 2-10 sex 11 responses 12-184; 
7. codes 0 1; 
8. labels << item.nam; 
9. score (1 2 3 4 5) (0 1 0 0 0) ! items (1); 
10. score (1 2 3 4) (0 1 0 0) ! items (2); 
11. score (1 2 3 4) (0 0 0 1) ! items (3); 
12. score (1 2 3 4) (0 0 1 0) ! items (4); 
… 
13. model item + item*category; 
14. estimate; 
15. show cases ! estimates = mle >> opmcase3.shw; 
16. itanal >> opm.itn; 
17. show parameters ! tables = 2:3:9 >> opmcase3.shw; 
18. quit; 
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Note that the mssing command lines in Figure 10.1 are shown by an ellipsis.  
An example of the OPM scoring scheme is shown in Figure 10.1 in lines nine 
to twelve, which have response categories labelled 1 to 4, or 1 to 5. The 
scoring convention is that all incorrect response categories are scored 0, and 
that correct response categories are scored 1. Thus, there are several ways of 
scoring 0 or 1, and each is analyzed and reported separately in the OPM 
analysis. For examples of several incorrect responses, see Table 10-1 below, 
and for examples of multiple correct responses see Table 10-2. 
Table 10-1:  Examples of OPM re-codes for Population 1 items I06 and L01 
Item Distractor 
or  
Category 
OPM 
Re-coding 
I06 A 0 
I06 B 0 
I06 C 0 
I06 D 1 
L01 10 1 
L01 70 0 
L01 71 0 
L01 72 0 
L01 79 0 
 
Table 10-2:  Examples of OPM re-codes for Population 1 items S01 and S03 
Item Distractor 
or  
Category 
OPM 
Re-coding 
S01 20 1 
S01 21 1 
S01 10 1 
S01 11 1 
S01 70 0 
S01 79 0 
S03 20 1 
S03 10 1 
S03 11 1 
S03 19 1 
S03 70 0 
S03 79 0 
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The apparently slight difference, between the OPM and the PCM, allows the 
identification, and thus the reporting, of every response category, in a manner 
analogous to that used in Analysis 2 for the results of the Partial Credit 
analysis. This can be done with the OPM without recourse to a special scoring 
of responses, but, as in the TIMSS case, uses the simple correct-incorrect 
scoring. 
The advantages of an Ordered Partition Analysis 
As indicated earlier, Wilson’s Ordered Partition Model has a singular 
advantage over Masters Partial Credit Model in that every response category 
is modelled. In order to demonstrate the advantages of this improved detail, a 
Link item (Population 1 L02/Population 2 M03) was selected from the Partial 
Credit analysis to illustrate the differences in the reporting possible with an 
Ordered Partition Model analysis (OPM). The selected link item is shown in 
Table 10-3 in its Partial Credit analysis format, and Table 10-4 in its Ordered 
Partition analysis format, with values for both on the Australian Difficulty Scale 
(ADS).  
Thus, Table 10-3 shows the incorrect response categories B and C running 
between the lowest incorrect response category, D at 370 on the ADS, to the 
correct response category, A, at 434 on the ADS. Both categories B and C are 
treated as requiring the same ability to select these responses to the item. 
That is, the response categories B and C have been collapsed together in the 
Partial Credit analysis. 
However, Table 10-4, shows the same item (Population 1 L02/Population 2 
M03) but this time with the response categories defined individually by the 
Ordered Partition Model analysis (OPM).  
It is clearly seen from Table 10-4, that, response category C requires more 
ability to select it than response category B. Looking at the suggested 
distractor description, we note that, under the OPM, response category B, 
‘Possible confusion with percentages’, suggests a qualitatively worse incorrect 
response, showing less understanding of probability, than ‘Most objects 
equated with greatest chance’, the category C response.  
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Table 10-3:  Partial Credit Model response categories 
Item  Distractor or Category 
Response 
Format 
Response 
Category 
PCM 
Threshold 
(ADS) 
Content 
Category 
Performance 
Category 
Distractor 
Description Distractor Inference Response Category Scale Position 
PL02/
SM03 D MCQ 1 0 
Data 
representation 
analysis, and 
probability 
Problem Solving Focuses on the one red marble 
Does not understand 
concept of probability   
PL02/
SM03 B MCQ 2 370 
Data 
representation 
analysis, and 
probability 
Problem Solving Selects 100 marbles 
Possible confusion 
with percentages    
PL02/
SM03 C MCQ 2 370 
Data 
representation 
analysis, and 
probability 
Problem Solving Selects 1000 marbles 
Most objects equated 
with greatest chance    
PL02/
SM03 A MCQ 3 434 
Data 
representation 
analysis, and 
probability 
Problem Solving Correct Able to use basic concept of probability   
 
Table 10-4:  Ordered Partition Model response categories 
Item  Distractor or Category 
Response 
Format 
Response 
Category 
OPM 
Threshold 
(ADS) 
Content 
Category 
Performance 
Category 
Distractor 
Description Distractor Inference Response Category Scale Position 
PL02/
SM03 D MCQ 1 0 
Data 
representation 
analysis, and 
probability 
Problem Solving Focuses on the one red marble 
Does not understand 
concept of probability   
PL02/
SM03 B MCQ 2 192 
Data 
representation 
analysis, and 
probability 
Problem Solving Selects 100 marbles 
Possible confusion 
with percentages    
PL02/
SM03 C MCQ 2 472 
Data 
representation 
analysis, and 
probability 
Problem Solving Selects 1000 marbles 
Most objects equated 
with greatest chance    
PL02/
SM03 A MCQ 3 627 
Data 
representation 
analysis, and 
probability 
Problem Solving Correct Able to use basic concept of probability   
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Two ‘Mean’ lines for Population 1 and Population 2 are shown in both Table 
10-3 and Table 10.4. The means are the mean ability estimates for those 
students who responded to the item, and not the entire cohort of Population 1 
and Population 2. The different mean ability estimates of the students 
responding from each population are shown by: 
• solid lines for the mean ability estimate of the students who 
answered the item correctly; and 
• dashed lines for the mean ability estimate of those students who 
answered the item incorrectly.  
Table 10-5 shows that the sub-set of Population 1 students answering this 
item, both the students who answered correctly and those who answered 
incorrectly, had higher mean ability estimates in TIMSS than the sub-set of 
Population 2 students answering this item. This indicates that this item was 
more difficult for the Population1 students than for the Population 2 students. 
That is to say, a higher overall ability estimate is needed to be likely to answer 
in category C, rather than in category B. 
Table 10-5:  Details of respondents for link item PL02/SM03 
 Incorrect Response Correct Response 
 N Mean 
Ability 
(SD) 
N Mean 
Ability 
(SD) 
Population 1 546 -0.10 
(1.10) 
838 0.98 
(1.15) 
Population 2 79 -1.39 
(1.37) 
1499 0.73 
(1.36) 
Two caveats need to be taken into consideration when interpreting Table 10-
3. The first concerns the very small number of Population 2 students who 
responded incorrectly (79), and the second point is the large standard 
deviations (SD). Two shaded bands, indicating the range ±1 SD about the 
means of the correctly responding students, have been added to Table 10-3 
to show this. The lighter band shows the ±1 SD range for Population 2, and 
the darker band shows the ±1 SD for Population 1.  
While the Partial Credit analysis indicates that, for Population 1 students 
attempting this item, a correct response is most likely, the Ordered Partition 
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analysis suggests that Population 1 students attempting this item, on average, 
are likely to respond in the category ‘Most objects equated with greatest 
chance’, while the Population 2 mean response category would most likely be 
in the category ‘Possible confusion with percentages’. This is consistent with 
the difference in overall mean scores for the two populations (see page 107 et 
seq.).  
It must be remembered that, unlike the Partial Credit analysis, the Ordered 
Partition analysis gives credit only for fully correct responses, thus producing 
interesting differences between the mean ability estimates, and therefore 
response categories, for each population for each analysis. 
Further, the dashed lines in Table 10-3 and Table 10-4 show the mean ability 
estimate (on the Australian Difficulty Scale) of those students who were were 
incorrect on this item. Interestingly, under the Ordered Partition analysis, the 
Population1 students appear to be offering a more sophisticated response 
than the Population 2 students, which raises issues about the rôle played by 
percentages in relation to the teaching of probability. While younger students 
are not likely to have learnt percentage, and would most likely have been 
exposed to practical probability activities similar to that in the item, (the 
likelihood of selecting x objects out of y objects) later, in secondary schools, 
students have met percentages, and probability (recorded as the chance of) 
often in terms of a percentage.This, of course, needs further investigation, but 
Table 10-4 alerts us to the issue in an immediate and clear way. 
These tables, Table 10-3 and Table 10-4, together with all the other 
information on this item, provide a clear picture of the effects of dichotomous, 
partial credit and ordered partition scoring of responses. For example, it is 
clear that the thresholds have shifted depending on the analytic model used, 
with a correct response requiring a higher score with the OPM, than for the 
(most) correct response with the PCM. Also, the OPM does not collapse the 
thresholds, but spreads them, thus providing better discrimination of the 
scores required for the different response categories than with the PCM. That 
is, the OPM allows us to more precisely identify who is likely to give a 
response in any particular response category. Thus, it is argued that the OPM 
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provides the best option for formative information, while providing a 
correct/incorrect summative score for each student. 
Similar cases of the differences required in understanding, to respond in any 
response category, whether correct or incorrect, can be found only from the 
OPM analysis when categories have the same score value, and thus no 
collapsing of categories. A further benefit of the OPM, compared to the PCM, 
is that the former analysis does not necessarily assign positive scores, or 
marks, for incorrect responses. Thus a student’s raw score can be based 
solely on correct responses, and yet incorrect responses are identified and 
preserved in the analysis. While this may seem a small point, it may be of 
importance in political terms, where giving credit for incorrect responses may 
cause some issues in reporting to some stakeholders. Even with the regular 
use of scale scores for reporting, the simple raw score sum as the measure of 
a student’s ability is a long-held position outside the measurement community, 
and this view may not change without a serious educational programme for 
the general public. 
Summary 
Given that the OPM offers the same details of response categories as the 
Partial Credit Model (PCM) when response categories are scored uniquely, 
the advantage of using an Ordered Partition Model (OPM) analysis lies in the 
separation of response categories that have common scores. This was shown 
in Table 10-3 and Table 10-4 and described on page 179 et seq. And 
although this chapter provides only one example, it is an existence proof that 
such a technique does work. 
Therefore, it is argued, that the OPM provides a report that satisfies most of 
the requirements of a formative-summative scale, in that it uses all the 
evidence available, and sets the scale within an interpretative framework (see 
page 22 et seq). Reliability of the student ability estimates, and validity of the 
items, are assumed for this analysis, as it is based on the TIMSS Australian 
data. However, as with the PCM reporting format (see pages 158 to 173), the 
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OPM report presents the results of the assessment programme in a static 
format. 
Again, as with the Partial Credit Model analysis, it must be remembered that 
the most fine-grained reporting format, such as the formative-summative 
format developed using the Ordered Partition Model analysis, is constrained 
completely by the distractors used in Multiple-Choice items and the response 
categories developed for Open Response items (see page 54) . Despite this, 
and the fact that student achievements are interpreted with equal ease by 
both analyses, the Ordered Partition Model treats formative information more 
distinctly, and therefore more usefully, than the Partial Credit Model. 
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Chapter 11  
Conclusions 
The path to the final analysis and reporting format was, at times, 
tortuous, but nevertheless profitable. This chapter set out to 
complete the journey towards providing formative information from 
large-scale assessment programmes. The affordances, benefits, 
and disadvantages of the final approach have all been discussed in 
order to provide evidence that will encourage designers of large-
scale assessment programmes to respond to the findings of this 
study. 
The over-arching goal of this study was to look at the possibily of a producing 
a formative-summative reporting scale by the simplest, yet most informative, 
method. It was suggested that a sensible and useful approach to reporting the 
results of large-scale assessment programmes needed to be one that: 
• uses all the evidence from student responses; 
• sets the evidence within an interpretative framework. 
• is reliable;  
• is valid; and 
• is generalizable. 
Further, formative information becoming a by-product of large-scale 
assessment programmes was mooted. It is argued, as some researchers 
have previously argued, that assessment reports should include descriptions 
of students’ status in the domain, contain an interpretative framework, and 
have directions for future actions: all as part of the programme’s formative 
reporting. 
As large-scale assessment programmes are more prevalent now, than when 
these suggestions were first made, it seems that developing better reporting 
formats, that include formative information, has become more important rather 
than less so.  
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The strategy of this thesis, then, was to explore the possibility of providing a 
reporting format that would contain both summative and formative information, 
and in doing so, answer two questions: 
• What statistically valid and reliable methods are there for scaling 
student response data? and 
• What interpretations can be made from the resulting integrated 
scale? 
Three analyses were undertaken, and each provided a possible formative-
summative scale. A further question is how well did each strategy address the 
key elements of formative assessment, cited earlier, and suggested by 
Delandshere (1985) and McArthur and Choppin (1984) (cited in Adams, 
1988)? These include, inter alia, that reports should provide  
• descriptions of students’ status in the domain; and 
• an interpretative framework for these descriptions. 
All three interpretative reporting formats (from Analyses 1, 2, and 3) 
addressed these criteria, thus they each have some merit. Again, each of the 
three analyses responded to the second question, above: but each differently, 
as the reporting formats from each analysis provided different levels of 
interpretation. 
As Rasch is the common approach to large-scale assessment, all three 
analyses were based on models from the Rasch family. The analyses were 
the simple logistic Rasch model, the slightly more complex Masters Partial 
Credit Model, and finally, the more complex Ordered Partition Model of 
Wilson. 
There were two critical steps in the journey to the final reporting format. The 
first was to rotate the Rasch scale ninety-degrees clockwise, thus making 
possible the fitting of descriptions to each response category. The second was 
the idea that, unlike Likert scale formats, the category descriptions did not 
need to stay upon the same line. In fact, it was the removal of this 
unwarranted constraint that allowed both the Partial Credit and Ordered 
Partition Model to work satisfactorily. Once these two steps were taken, the 
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journey became one of refinement in terms of the descriptive power of the 
later analyses. 
However, a caution is necessary with respect to all the reporting strategies 
employed in this work: that is, that knowing a student’s score provides us only 
with the likelihood of their giving a particular response. We do not, in fact, 
know their actual responses from these reporting formats. If such level of 
detail were to be provided however, it can be argued that the classroom 
teacher would be overwhelmed by the large amount of data. On the other 
hand, with the reporting formats described here, and using, say, the mean 
score for a class, the amount of data is reduced considerably and yet valuable 
formative information is provided. Further, due to the use of plausible values 
in some assessment programmes, precise information about individual 
students cannot be found using the final reporting format. 
It should be noted, that while this final reporting format does not resemble the 
hypothetical format shown in Figure 1.3 on page 7, it does provide the 
information included in Figure 1.3, but gives more detail than imagined 
posssible at the time that Figure 1.3 was created. These changes have been 
provoked by the desire to describe all possible aspects of the assessment 
information to be inferred from the item response categories. 
The affordances 
The affordances of the final reporting format developed in this work are that: 
• both formative and summative information can be on a single 
scale;  
• the scale can be formatively described; 
• summative student achievements can be placed within an 
interpretative framework; and  
• little extra analysis is required to achieve these affordances. 
The current form of the final reporting format provides all of these in its 
present form. It is capable of forming a basis for a further generation of better 
reporting formats, perhaps, even interactive ones. 
 188 
     
     
     
          
The dis-advantages 
A major caveat on the final reporting format is that the quality of the resulting 
formative information is dependent completely upon the quality of response 
categories. That is, the descriptions of the response categories, whether for 
multiple-choice or open response items, is the crucial element in the final 
outcome. In the reporting formats developed in this work, many of the 
response categories gave little information, thus lessening the value of the 
reporting format of itself. The implication of this is that, in order for the 
formative-summative analysis and reporting format investigated in this thesis 
to be taken advantage of in delivering diagnostic, or formative, information 
from large scale assessment processes, it will be necessary to develop items 
in such a way as to represent significant conceptions and errors based in the 
research literature. However, development of a better reporting format was 
the goal of this work, and this has been achieved as a ‘proof of concept’ 
despite this problem. The findings of the lack of meaningful formative 
information in most of the TIMSS item distractors provides a sharper 
challenge for future test construction, given the possibilities opened up by this 
research. 
While the reporting formats described in this work make some gains in 
addressing some of the desired characteristics of diagnostic assessment, and 
in particular the characteristics proposed by this author, there is more that 
could be done. Perhaps the most pressing developments needed are items 
that use research evidence on children’s thinking to develop ‘diagnostic 
distractors’ for multiple-choice items, and the introduction of interactive 
reporting formats.  
Wilson (2005, 2009) has argued that assessment should be focussed on a 
variable and not merely a collection of disparate items. This approach 
provides developmental information that can be used by educators to plan 
future educational experiences for students, rather than a remedial approach 
to perceived errors in a student’s work. As argued by Griffin (2007) ‘A 
developmental approach transcends the content of any one test and allows 
the student to be monitored on a general developmental construct’ (p. 96). 
However, assessment developers would need to re-consider the design 
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paramaters of current assessment tools to address the challenge of 
developmental assessment as put byGriffin.  
However, it is suggested that the last of the reporting formats, described in 
this work, does show a way forward. Perhaps, now, it is time for assesment 
developers, at the very least, to take up the challenge of better formative 
information in their item distractors? The calls for evidence-based distractors 
have been made for some time, but there is little evidence of large-scale 
assessment programmes taking up the challenge (see, for example, Briggs, et 
al., 2006). This fine-grained information is not beyond the capabilities of 
creators of large-scale programmes, as can be seen by the use, here, of data 
from the Third International Mathematics and Science Study (TIMSS) with 
only minor additions to the original data analyses for construction of an 
Australian Difficulty Scale in place of the TIMSS International Difficulty Scale). 
The issue with the last reporting framework developed in this work, is that it is 
static, printed on the page, and does not provide the most useful report for all 
stakeholders interested in using the data for their own particular purposes. 
Mead’s work (2009a, 2009b) too, is a valuable attempt to shift the focus of 
large-scale assessment reporting from the educational systems level, to the 
classroom level, although this lacks the formative, item information, level of 
detail of the reporting format developed in this work.  
A further caveat is the time-lapse between ‘assessment day’ and and the 
release of the report: this can be quite a lengthy period. The consequence of 
this delay is that teachers may not have any opportunity to deal with their 
students’ problems as revealed by the report. For example, students may 
have passed to another year level. This delay is not a consequence of the 
report per se, but rather of the time needed to prepare data, analyze them, 
and then prepare reports for large-scale programmes. However, reports such 
as the one created here, could be developed using pilot data collected during 
the test development phase of the assessment programme. This could reduce 
the time delay substantially, although there will still be some time between test 
and report. 
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However, a shift of focus to formative possibilities would not only provide 
greater face value to large-scale international studies, but also would provide 
classroom teachers with access to the collected data in a form appropriate to 
their needs: that is to say, providing formative information on which aspects of 
mathematics are issues in classrooms like theirs. Further, and possibly more 
importantly, is the usefulness of this form of reporting to curriculum 
developers, for whom information on developmental sequencing of 
understandings would be invaluable. However, more research and 
development is needed on this aspect of reporting assessment.  
Future research 
Directions for future research come directly from the limitations of this study. 
Items that were used in the TIMSS programme were found wanting in two 
significant areas: lack of a defined conception of a construct, or variable, as 
suggested by, inter alia, Griffin (2007) and Wilson (2005, 2009), within the 
sub-scales of the TIMSS, and the shortage of distractors for multiple-choice 
items with formative information in them. Clearly, development of exemplar 
items and tests would be worthwhile but perhaps not an effective strategy 
unless supported by a well-recognized programme of assessment design. An 
alternative strategy is to develop an assessment instrument based on sound 
constructs, that allow students’ development to be monitored. A model for this 
approach is the Who am I? developmental assessment for young children 
(de Lemos & Doig, 1999) and the Assessent Resource Kit publications on 
developmental assessment (Masters & Forster, 1996a) and progress maps 
(Masters & Forster, 1996b). 
Further, a template for a programme of such development is provided in detail 
by Wilson (2005), where-in are set out four steps. 
1. Construct mapping to establish the trajectory of the construct to be 
assessed. This may run from least sophisticated understandings of the 
construct to the most sophisticated to be expected from the target 
group of students. 
2. Development of items to assess the construct across the entire range 
of the construct map. 
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3. The application of an outcome space to organize the categorization 
and scoring of item responses. 
4. The application of a measurement model to the item responses to 
provide sensible, useful, and developmental reporting of assessment 
results. 
Following Wilson’s template, future research, along the lines mentioned above 
will be undertaken in the first instance in the creation of an Early Childhood 
mathematics assessment instrument. Some basic exploration in this direction 
is already being undertaken (see, for example, Doig & Ompok, 2010). 
… and Alice? 
Would the reporting formats developed here have helped Alice? The answer 
to her trouble with a simple money sum (see page 1) is most probably not: but 
if Alice’s teacher was working in an environment where professional educators 
were aware that errors and mis-conceptions could be useful in helping 
children to learn mathematics, then it can be argued that information about 
Alice’s use of representations in her number work would be of great diagnostic 
value to her teacher. Such an environment can be fostered through example: 
the example of large-scale assessment programmes making the effort to 
provide reports that provide both summative and formative information. 
Again, we should heed Ausubel’s dictum that ‘[T]he most important single 
factor influencing learning is what the learner already knows. Ascertain this 
and teach him accordingly’ (1968, p. vi) and consider that the reporting format 
developed in this work, if it is used, can raise awareness of the usefulness of 
formative information for the learning of mathematics. 
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NOTE: Link items are marked in bold face 
Item 
number Description Content area 
Response 
format* 
I01 Map of city blocks Geometry MC 
I02 0.4 is the same as? Fractions and Proportionality MC 
I03 Which number is it? Whole Number MC 
I04 What is 3 times 23? Whole Number MC 
I05 Sauce from 15 tomatoes Fractions and Proportionality MC 
I06 Which figure made with 
straight sides? 
Geometry MC 
I07 Number sentence for pages 
remaining 
Patterns, Relations, and 
Fractions 
MC 
I08 Which 2 figures represent 
same fraction? 
Fractions and Proportionality MC 
I09 Subtraction of four-digit 
numbers 
Whole Number MC 
J01 Shapes in hexagon Geometry MC 
J02 Which does not show line of 
symmetry? 
Geometry MC 
J03 What % of time in play and 
homework? 
Data Representation, 
Analysis, and Probability 
MC 
J04 What is the increase in 
product? 
Whole Number MC 
J05 Operation to get B from A Patterns, Relations, and 
Fractions 
MC 
J06 Choose largest mass Measurement, Estimation, 
and Number Sense 
MC 
J07 Fraction of figure shaded Fractions and Proportionality MC 
J08 Which is best estimate of 
hours? 
Measurement, Estimation, 
and Number Sense 
MC 
J09 Number in box Whole Number MC 
K01 Which number in square but 
not in triangle? 
Geometry MC 
K02 Addition of four-digit numbers Whole Number MC 
K03 Multiply by five Patterns, Relations, and 
Fractions 
MC 
K04 Who won and by how many 
points? 
Data Representation, 
Analysis, and Probability 
MC 
K05 Estimate pencil length Measurement, Estimation, 
and Number Sense 
MC 
K06 Pattern of tiles Patterns, Relations, and 
Fractions 
MC 
K07 Length of rectangle Measurement, Estimation, 
and Number Sense 
MC 
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Item 
number Description Content area 
Response 
format* 
K08 Rectangle not divided into four 
parts 
Geometry MC 
K09 How many marbles in two 
bags? 
Fractions and Proportionality MC 
L01 Pictograph of trees Data Representation, 
Analysis, and Probability 
SA 
L02 Chance of picking red 
marble 
Data Representation, 
Analysis, and Probability 
MC 
L03 Objects on game board grid Geometry MC 
L04 Shapes in a pattern Patterns, Relations, and 
Fractions 
MC 
L05 Edges of cube Geometry MC 
L06 Best estimate of clothes-pin 
mass 
Measurement, Estimation, 
and Number Sense 
MC 
L07 Which pair different by 100? Whole Number MC 
L08 Who had the longest pace? Measurement, Estimation, 
and Number Sense 
MC 
L09 True statement of ages Patterns, Relations, and 
Fractions 
MC 
M01 Chance of hitting shaded 
region 
Data Representation, 
Analysis, and Probability 
MC 
M02 How many raffle tickets? Data Representation, 
Analysis, and Probability 
SA 
M03 Equivalent operation Whole Number MC 
M04 Co-ordinates of dot on grid Geometry MC 
M05 Decimal representing shaded 
part of figure 
Fractions and Proportionality MC 
M06 What to do to correct mistake? Whole Number MC 
M07 Substance measured in 
millilitres 
Measurement, Estimation, 
and Number Sense 
MC 
M08 Choose largest number Whole Number MC 
M09 Make number sentence true Patterns, Relations, and 
Fractions 
MC 
S01 Bar graphs of boys' and girls' 
ages 
Data Representation, 
Analysis, and Probability 
ER 
S02 Complete number sentence Whole Number SA 
S03 Longest box on shelf Fractions and Proportionality ER 
S04 How many pupils in class? Fractions and Proportionality SA 
S05 How many paper clip lengths? Measurement, Estimation, 
and Number Sense 
SA 
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Item 
number Description Content area 
Response 
format* 
T01A Bar graph: cartons sold 
Monday 
Data Representation, 
Analysis, and Probability 
ER 
T01B Bar graph: cartons sold for 
week 
Data Representation, 
Analysis, and Probability 
ER 
T02 Make smallest whole number Whole Number SA 
T03 When did Mr. Brown start his 
walk? 
Measurement, Estimation, 
and Number Sense 
SA 
T04A Girl/boy ratio: Is Juanita right? Fractions and Proportionality ER 
T04B Girl/boy ratio: Is Amanda right? Fractions and Proportionality ER 
T05 Cut-out shape Geometry SA 
U01 Triangles in figure Measurement, Estimation, 
and Number Sense 
ER 
U02 Fraction larger than 2/7 Fractions and 
Proportionality 
SA 
U03A Bicycle ride: How long for 
Maria? 
Fractions and Proportionality ER 
U03B Bicycle ride: How long for 
Louisa? 
Fractions and Proportionality ER 
U03C Bicycle ride: Who arrived first? Fractions and Proportionality ER 
U04 Next number in pattern Patterns, Relations, and 
Fractions 
SA 
U05 Addition/multiplication task Whole Number SA 
V01 Fractions of pie Fractions and Proportionality ER 
V02 Number larger than 56 821 Whole Number SA 
V03 What is 5 less than 203? Whole Number SA 
V04A Game with cards: who won? 
Explain 
Whole Number ER 
V04B Game with cards: winning 
numbers 
Whole Number ER 
V05 Millimetres in a metre Measurement, Estimation, 
and Number Sense 
SA 
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NOTE: Link items are marked in bold face 
Item 
number Description Content area 
Response 
format* 
I01 What does N stand for? Algebra M 
I02 People boarding bus Fractions and Number Sense M 
I03 Number of bottles filled Measurement M 
I04 Number sequence Algebra S 
I05 Discus throwing competition Fractions and Number Sense M 
I06 Fraction larger than 2/7  Fractions and Number 
Sense 
S 
I07 Use of estimates Fractions and Number Sense M 
I08 Point on a line Geometry M 
I09 Colour of card drawn from bag Data Representation, 
Analysis and Probability 
M 
J10 Area of paper uncovered Measurement M 
J11 Properties of parallelograms Geometry M 
J12 Dividing fractions Fractions and Number Sense S 
J13 Number of students per grade Data Representation, 
Analysis and Probability 
S 
J14 Divide 24.56 by 0.004 Fractions and Number Sense M 
J15 Which two triangles are 
similar? 
Geometry M 
J16 Likely coordinates of P Geometry M 
J17 Distance on map Fractions and Number Sense M 
J18 Number missing from table Algebra M 
K01 Shaded circles Fractions and Number Sense M 
K02 Chemist mixes solution Fractions and Number Sense S 
K03 Rotated 3-dimensional figure Geometry M 
K04 x/2 < 7 is equivalent to… Algebra M 
K05 Area of a rectangle Measurement S 
K06 Amount of students at Beaton 
High School 
Fractions and Number Sense M 
K07 Number of blue pens in 
drawer? 
Data Representation, 
Analysis and Probability 
M 
K08 Congruent triangles Geometry M 
K09 Adding fractions Fractions and Number Sense M 
L08 Height of tree Fractions and number Sense M 
L09 Which is right number?  Fractions and Number Sense M 
L10 Total distance travelled by ball Algebra M 
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Item 
number Description Content area 
Response 
format* 
L11 Who had the longest pace? Measurement M 
L12 Who had the longest pace? Measurement, Estimation, 
and Number Sense 
M 
L13 Shapes in a pattern Patterns, Relations, and 
Fractions 
M 
L14 Measure of remaining angle Geometry M 
L15 Highest temperature on chart Data Representation, 
Analysis and Probability 
M 
L16 Solve for x Algebra S 
L17 Subtracting fractions Fractions and Number Sense M 
M01 Weight shown on the scale Measurement M 
M02 Lines of symmetry Geometry M 
M03 Chance of picking red 
marble 
Data Representation, 
Analysis and Probability 
M 
M04 Largest fraction Fractions and Number Sense M 
M05 Half-turn of shaded figure Geometry M 
M06 Number of girls in class Proportionality S 
M07 Measure of angle BCD Geometry M 
M08 Decimal multiplication Fractions and Number Sense S 
M09 Which is the right graph? Data Representation, 
Analysis and Probability 
M 
N11 Actual number of trees planted Fractions and Number Sense M 
N12 Location of point on a line Geometry M 
N13 Substitute for x Algebra M 
N14 List of equivalent fractions Fractions and Number Sense M 
N15 Angle closest to 30° Measurement M 
N16 Number of marbles in bag Fractions and Number Sense M 
N17 Rate of fuel consumption Fractions and Number Sense M 
N18 Probability of even numbered 
chip 
Data Representation, 
Analysis and Probability 
M 
N19 Shade units on grid Fractions and Number Sense S 
O01 Speed of car from graph Data Representation, 
Analysis and Probability 
M 
O02 Percent increase in price Fractions and Number Sense M 
O03 Angles that add to 180° Geometry M 
O04 Number rounded to hundredth Fractions and Number Sense M 
O05 Number of red faces Data Representation, 
Analysis and Probability 
M 
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Item 
number Description Content area 
Response 
format* 
O06 Time to take cake out of oven Measurement S 
O07 Solve for x Algebra M 
O08 Rotated triangle Geometry M 
O09 Times Luis runs through 
course 
Fractions and Number Sense M 
P08 Ratio of side length to 
perimeter 
Geometry M 
P09 Similar triangles Geometry M 
P10 Equivalent algebraic 
expressions 
Algebra M 
P11 Approximate length of pencil Measurement M 
P12 Estimate number of cabbages Fractions and Number Sense M 
P13 Heart beats per hour Fractions and Number Sense M 
P14 Fraction of cake left Fractions and Number Sense M 
P15 Equivalent algebraic 
expression 
Algebra M 
P16 Decimal, as a fraction in lowest 
terms 
Fractions and Number Sense S 
P17 Temperature on table and 
thermometers 
Data Representation, 
Analysis and Probability 
M 
Q01 Expression representing 
number of hats 
Algebra M 
Q02 Subtraction of algebraic 
expressions 
Algebra M 
Q03 Longest time Measurement M 
Q04 Heights of four girls on graph Data Representation, 
Analysis and Probability 
M 
Q05 More boys or girls in class Proportionality M 
Q06 How many litres of water? Fractions and Number Sense M 
Q07 Solve for W Algebra M 
Q08 Numbers from smallest to 
largest. 
Fractions and Number Sense M 
Q09 Fraction addition and 
multiplication 
Fractions and Number Sense M 
Q10 Measure of angle Geometry S 
R06 2.201 – 0.753 = ? Fractions and Number Sense M 
R07 Thickness of sheet of paper Fractions and Number Sense M 
R08 Distance car will travel Data Representation, 
Analysis and Probability 
M 
R09 False algebraic expression Algebra M 
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Item 
number Description Content area 
Response 
format* 
R10 Triangles in trapezium Geometry M 
R11 Number of students with two 
pencils 
Algebra M 
R12 Subtraction of four-digit 
numbers 
Fractions and Number 
Sense 
M 
R13 Money left Fractions and Number Sense S 
R14 Amount Sue paid Proportionality S 
S01A Sequence of triangles (a) Algebra E 
S01B Sequence of triangle (b) Algebra E 
S028 Length of side of square Measurement E 
S02A Area of square Measurement E 
S02C Perimeter of figure Measurement E 
T01A Weight of apples (a) Algebra E 
T01B Weight of apples (b) Algebra E 
T02A Larger pattern out of two 
smaller patterns (a) 
Proportionality E 
T02B Larger pattern out of two 
smaller patterns (b) 
Proportionality E 
U01A Total time for songs to play (a) Fractions and Number Sense E 
U01B Total time for songs to play (b) Fractions and Number Sense E 
U02A New rectangle (a) Measurement E 
U02B New rectangle (b) Measurement E 
V01 Actual weight of dolphin Fractions and Number Sense S 
V02 Price of renting office space Data Representation, 
Analysis and Probability 
E 
V03 Ratio of red paint to total 
amount of paint 
Proportionality M 
V04 Area of parallelogram Measurement S 
 
                                                                                                                       
* MC = Multiple Choice SA = Short Answer ER = Extended Response 
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Population 1 items 
Item  
Distractor 
or 
Category 
Response Description Inference Generalized description 
I01 A Misreads given numbers Misreads the problem Cannot use grid references 
I01 B Correct Understands direction and distance Can use grid references 
I01 C Does not count starting position for E 
direction 
Miscounts steps on grid Post-and-rails problem 
I01 D Reverses directions 3N-2E instead of 3E-
2N 
Problem with compass points Does not know compass directions 
I01 E Does not count starting position for N 
direction 
Post-and-rails problem Post-and-rails problem 
I02 A Ignores decimal point Problems with place value notation for 
tenths 
Place value problems 
I02 B Correct Understands place value to tenths Understands place value 
I02 C Confuses tenths with hundredths Decimal place-value problem Place value problems 
I02 D Interprets decimal representation as vulgar 
fraction 
Misunderstands decimal notation Place value problems 
I03 A Finds difference smaller than 300 Misreads 'greater' as smaller Reading problem 
I03 B Finds difference smaller than 300 Misreads 'greater' as smaller Reading problem 
I03 C Finds difference smaller than 300 Smaller-from-larger Subtraction problems 
I03 D Correct Can subtract Can subtract 
I04 A Adds 300 to make 3-digit number No idea of multiplication Does not understand multiplication 
I04 B Adds 3 units to make 3-digit number No idea of multiplication Does not understand multiplication 
I04 C Correct Can perform simple one-digit by two-digit 
multiplication 
Can multiply by units 
I04 D Adds 3 Confuses addition with multiplication Reading problem 
I05 A Correct Solves two-step problems, involving 
multiplication and division 
Solves two-step problem involving division 
and multiplication 
I05 B Two litres Guess Cannot solve two-step problem involving 
division and multiplication 
Cannot solve two-step problem 
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Item  
Distractor 
or 
Category 
Response Description Inference Generalized description 
I05 C Multiplies two given numbers Does not understand a two-step problem Cannot solve two-step problem involving 
division and multiplication 
I05 D Divides the whole numbers 15 and 5 only One-step answer to two-step problem Cannot solve completely a two-step 
problem involving division and multiplication 
 
I06 A Mixed sides Misunderstands 'straight' definition Does not understand geometric terms 
I06 B Misreads 'straight' sides Does not understand the question Does not understand the question 
I06 C Ignores curved corners  Misunderstands 'straight' definition Does not understand geometric terms 
I06 D Correct Understands meaning of straight sides Understand geometric terms 
I06 E Guess Does not understand the question Does not understand the question 
I07 A Adds Uses given numbers in a word problem Does not understand the question 
I07 B Misreads 'long' as 'left' Reading problem Reading problem 
I07 C Divides Uses given numbers in a subtraction word 
problem 
Does not understand the question 
I07 D Correct Discerns subtraction in a word problem Can solve subtraction problems 
I08 A Correct Understands equivalent fractions Understands equivalent fractions 
I08 B Guess Does not understand equivalent fractions Does not understand equivalent fractions 
I08 C One white section in each Does not understand equivalent fractions Does not understand equivalent fractions 
I08 D Matches by number of shaded parts Part-to-part meaning for fraction Problem with meaning of fraction 
I09 A 4369 Smaller from larger Smaller from larger misconception Subtraction problems 
I09 B 3742 Incorrect decomposition and error in 
basic subtraction fact 
Misunderstands decomposition algorithm Subtraction problems 
I09 C 3631 Correct Can subtract two four-digit numbers 
involving zeroes 
Able to subtract large whole numbers 
I09 D 3531 Problems in decomposition of 100s Basic fact error Problems with subtraction facts 
J01 A Correct Knows basic geometric shapes (triangle) Knows geometric shapes 
J01 B Selects square Does not know basic geometric shapes Does not know basic geometric shapes 
J01 C Selects pentagon Does not know basic geometric shapes Does not know basic geometric shapes 
J01 D Selects rectangle Does not know basic geometric shapes Does not know basic geometric shapes 
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Item  
Distractor 
or 
Category 
Response Description Inference Generalized description 
J02 A Does not recognize vertical line of 
symmetry 
Does not recognize vertical line of 
symmetry 
Problems with symmetry 
J02 B Does not recognize horizontal line of 
symmetry 
Does not recognize horizontal line of 
symmetry 
Problems with symmetry 
J02 C Correct Understands lines of symmetry Understands symmetry 
J02 D Does not recognize oblique line of 
symmetry 
Does not recognize oblique line of 
symmetry 
Problems with symmetry 
J03 A Reads 'homework' percentage only One cue too strong Problem with understanding question 
J03 B Reads 'playing' percentage only One cue too strong Problem with understanding question 
J03 C Mis-adds 15% and 10% Poor addition skills Problem with addition 
J03 D Correct Can read a pie-graph Reads pie-graphs 
J03 E Mis-adds 15% and 10% Poor addition skills Problem with addition 
J04 A Focus on multiplier differences Misunderstands the problem Problem with understanding question 
J04 B Correct Understands multiplication concept Problem with understanding question 
J04 C Confuses multiplier and multiplicand Misunderstands multiplication concept Problem with multiplication 
J04 D Confuses multiplier and multiplicand Misunderstands multiplication concept Problem with multiplication 
J05 A Confuses + and - in first row Uses first row only to generate pattern Lacks understanding of number pattern 
rules 
J05 B Uses first row only Uses first row only to generate pattern Lacks understanding of number pattern 
rules 
J05 C Confuses column A and B Uses first row only to generate pattern Lacks understanding of number pattern 
rules 
J05 D Correct Can find rule for multiplicative pattern Can find rule for multiplicative pattern 
J06 A Correct Understands metric unit relationships Understands metric unit relationships 
J06 B Misunderstands metric unit relationships Misunderstands metric unit relationships Problem with metric units 
J06 C Misunderstands metric unit relationships Misunderstands metric unit relationships Problem with metric units 
J06 D Misunderstands metric unit relationships Misunderstands metric unit relationships Problem with metric units 
J07 A Uses all 'parts' to name a fraction Part-to-part problem Problem with fraction concept 
J07 B Uses all 'parts' to name a fraction Part-to-part problem Problem with fraction concept 
J07 C Miscounts shaded parts Counting problem Counting problem 
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Item  
Distractor 
or 
Category 
Response Description Inference Generalized description 
J07 D Correct Understands fraction concept Understands fraction concept 
J08 A Rounds down to next ten for estimating Rounds down to lower ten Truncates instead of rounding 
J08 B Uses mid-points (5) for estimating Uses mid-points as estimate Uses mid-points as estimate 
J08 C Correct Can round to nearest ten for estimate in 
addition 
Can round to nearest ten 
J08 D Misreads given numbers as sixties Reading problem Reading problem 
J09 A Does not understand 100 chart structure Does not understands place-value to 100 Does not understands place-value to 100 
J09 B Does not understand 100 chart structure Does not understands place-value to 100 Does not understands place-value to 100 
J09 C Does not understand 100 chart structure Does not understands place-value to 100 Does not understands place-value to 100 
J09 D Correct Understands place-value to 100 Understands place-value to 100 
K01 A Correct Can read a Venn diagram Can read a Venn diagram 
K01 B Square/circle cues too strong Misreads question (misses NOT) Misreads question (misses NOT) 
K01 C Triangle/circle cues too strong Misreads question Misreads question 
K01 D NOT cue too strong Misreads question Misreads question 
K02 A Does not 'carry' correctly beyond units Does not understand place value in addition 
beyond units 
Does not understands place-value to 100 
K02 B Does not 'carry' correctly beyond units Does not understand place value in addition 
beyond units 
Does not understand place value in addition 
beyond units 
K02 C Correct Understands place value Understands place value to tens of 
thousands 
K02 D Does not 'carry' correctly beyond units 
except in last place 
Does not understand place value in addition 
beyond units 
Does not understand place value in addition 
beyond units 
K03 A Divides instead of multiplying Does not understand the question Misreads the question 
K03 B Adds instead of multiplying Does not understand the question Misreads the question 
K03 C Subtracts instead of multiplying Does not understand the question Misreads the question 
K03 D Correct Understands the question Can follow a rule 
K04 A Correct Can add and subtract three-digit numbers Solves two-step problem involving addition 
and subtraction 
K04 B Subtracts final scores Can subtract three-digit numbers Misunderstands the question 
K04 C Subtraction problem Cannot subtract correctly Problem with subtraction  
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Item  
Distractor 
or 
Category 
Response Description Inference Generalized description 
K04 D Subtraction problem Cannot subtract correctly Problem with subtraction  
K05 A Poor estimation of length Poor length estimator Poor estimation skills 
K05 B Correct Good length estimator Good estimation skills 
K05 C Real pencil length Misread cue (picture of a pencil) Misreads the question 
K05 D Poor estimation of length Poor length estimator Poor estimation skills 
K06 A Uses next in sequence not 6th Misreads figure number Extends a multiplicative pattern, but to 
wrong step 
K06 B Uses 5th in sequence not 6th Misreads figure number Extends a multiplicative pattern, but to 
wrong step 
K06 C Correct Extends a multiplicative pattern Extends a multiplicative pattern correctly 
K06 D Uses 7th in sequence not 6th Misreads figure number Extends a multiplicative pattern, but to 
wrong step 
K07 A Confuses number of sides with length Does not understand perimeter Does not understand perimeter 
K07 B Correct Understands perimeter Understands perimeter 
K07 C Doesn't remember two equal sides are 
12cm 
Does not understand perimeter Does not understand perimeter 
K07 D Thinks that P-W is length Does not understand perimeter Does not understand perimeter 
K08 A Misread NOT in question Misread NOT in question Misreads the question 
K08 B Misread NOT in question Misread NOT in question Misreads the question 
K08 C Misread NOT in question Misread NOT in question Misreads the question 
K08 D Correct Correct Reads question correctly 
K09 A Multiplies two given numbers Does not understand two-step problem Does not understand two-step problem 
involving division and multiplication 
K09 B Correct Understands two-step problem involving 
division and multiplication 
Solves two-step problem involving division 
and multiplication 
K09 C Guess Guess Guess 
K09 D Multiplies two given numbers Does not understand two-step problem Does not understand two-step problem 
involving division and multiplication 
K09 E Divides two given numbers Does not understand two-step problem Does not understand two-step problem 
involving division and multiplication 
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Item  
Distractor 
or 
Category 
Response Description Inference Generalized description 
L01 10 Correct Can interpret key in a pictograph Can read a pictograph 
L01 70 5, 6, 61/2, or 7 Cannot interpret key in a pictograph Cannot read a pictograph 
L01 71 1 Cannot interpret key in a pictograph Cannot read a pictograph 
L01 72 650 Cannot interpret key in a pictograph and 
adds two given numbers 
Cannot read a pictograph 
L01 79 Other incorrect  Cannot read a pictograph Cannot read a pictograph 
L02 A Correct Able to use basic concept of probability Understands probability 
L02 B Selects 100 marbles Possible confusion with percentages Does not understand probability 
L02 C Selects 1000 marbles Most objects equated with greatest chance Does not understand probability 
L02 D Focuses on the one red marble Does not understand concept of probability Does not understand probability 
L03 A Correct Can read a street directory Can use co-ordinate system 
L03 B Mis-uses D, 2 as second item in row D Confused about second axis on graph Cannot use co-ordinate system 
L03 C Uses only x-axis Reads only one axis Cannot use co-ordinate system 
L03 D Guess Cannot read a street directory Cannot use co-ordinate system 
L04 A Misunderstands repeating part of pattern Cannot discern a pattern Does not understand patterns 
L04 B One pattern element dominates thinking Cannot discern two elements of a pattern Has limited understanding of pattern rule 
L04 C Correct Can discern a pattern Understands pattern rule 
L04 D Guess Cannot discern a pattern Does not understand patterns 
L05 A Misreads 'face' for 'edge'  Reading problem Reading problem 
L05 B Misreads 'edge' for 'vertex' Reading problem Reading problem 
L05 C Correct Good understanding of edge and face 
relationship 
Good spatial visualization 
L05 D Multiplies faces by 4 edges Understands cube is 6 squares Problem with spatial visualization 
L06 A Incorrect 'zero' rule used for multiplication Mis-uses 'add zeroes' rule for multiplication Incorrect 'add zero' rule used 
L06 B Correct Correct multiplication by 1000 Can multiply by 1000 
L06 C Ignores decimal point in multiplication Cannot multiply with 999 Place value problems 
APPENDIX V  Analysis of Item Responses 
 465 
Item  
Distractor 
or 
Category 
Response Description Inference Generalized description 
L06 D 900 000g  Cannot multiply by a 1000 Place value problems 
L07 A Subtracts smaller from larger digits Subtracts smaller from larger digits Smaller-from-larger problem 
L07 B Confuses 100s and 10s places Place value error Place value problems 
L07 C Correct Understands place values Understands place value to thousands 
L07 D Confuses 1000s and 100s places Place value error Place value problems 
L08 A Confuses more steps as longer pace Scale ideas confused Misunderstanding of scale concept 
L08 B Guess Poor ideas of scale Does not understand scale 
L08 C Guess Poor ideas of scale Does not understand scale 
L08 D Correct Understands scale ideas Understands scale concept 
L09 A Correct Understands simple logical relationship Can use logic to solve a problem 
L09 B Misunderstands 'older than' Reverses relationship Has difficulty in using logic to solve a 
problem 
L09 C Guess Guess Cannot use logic to solve a problem 
L09 D Is not able to work out an answer Unable to solve the problem Cannot use logic to solve a problem 
M01 A Distracted by symmetry or orientation of 
spinner 
Misunderstands the idea of 'best' chance Does not understand probability 
M01 B Correct Understands proportion for success Understands probability 
M01 C Less shaded area Confused idea of 'best' chance Misunderstands probability for success 
M01 D Less shaded area Confused idea of 'best' chance Misunderstands probability for success 
M02 10 24 Can solve a two-step addition and 
subtraction problem 
Can add, subtract and complete two-step 
problems 
M02 70 30 Zero subtraction error (0-N=0) Problem with subtraction  
M02 71 34 Fails to 'borrow and pay-back' correctly Fails to 'borrow and pay-back' correctly 
M02 72 36 Adds only Does only one step of two-step problems 
M02 79 Other incorrect Cannot add, subtract and complete two-
step problems 
Cannot add, subtract and complete two-
step problems 
M03 A Correct Understands commutative principle for 
multiplication 
Understands commutative principle 
M03 B Equates addition and multiplication (X+7, 
7*X) 
Equates addition and multiplication (X+7, 
7*X) 
Problems with number operation properties 
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Item  
Distractor 
or 
Category 
Response Description Inference Generalized description 
M03 C Equates subtraction and multiplication (X-7, 
7*X) 
Equates subtraction and multiplication (X-7, 
7*X) 
Problems with number operation properties 
M03 D Equates addition and multiplication (7+X, 
7*X) 
Equates addition and multiplication (7+X, 
7*X) 
Problems with number operation properties 
M04 10 3 and 2 in that order Uses grid co-ordinates correctly Can use co-ordinate system 
M04 70 2 and 3 in that order Reverses grid co-ordinates Cannot use co-ordinate system 
M04 79 Other incorrect Cannot use co-ordinate system Cannot use co-ordinate system 
M05 A Decimal record fractional parts Does not understand decimal notation Does not understand decimal notation 
M05 B Two parts shaded means a half Does not understand vulgar fractions Does not understand fractions 
M05 C Correct Correctly uses decimal notation Understands place value to tenths 
M05 D Numerically correct but place Value 
problem 
Does not understand some of decimal 
notation 
Place value problems 
M06 A Correct Understands place value to hundreds Understands place value to hundreds 
M06 B Adds 2 Place value problems with hundreds Place value problems with hundreds 
M06 C Subtracts 2 Place value problems with hundreds, poor 
logic 
Poor logical skills 
M06 D Numerically correct but subtracts Misunderstands logic of the problem Poor logical skills 
M07 A Correct Knows metric units Knows metric units 
M07 B Millilitres for mass Does not know metric units Does not know metric units 
M07 C Millilitres for large volume Metric unit 'size' problem Does not know 'size' of metric units 
M07 D Millilitres for length Does not know metric units Does not know metric units 
M08 A Reads only thousands and hundreds places Place value problems Place value problems 
M08 B Mis-reads 'largest' as 'smallest' Reading problem Reading problem 
M08 C Reads only tens and units places Place value problems Place value problems 
M08 D Correct Understands place value to thousands Understands place value to thousands 
M09 A Correct Can solve problems with pro-numerals Solves problems with pro-numerals 
M09 B Does not understand <> symbols Does not understand <> symbols Does not understand <> symbols 
M09 C Reads x as + Reading problem Reading problem 
M09 D Reads x[] as addition Does not understand <> symbols Does not understand <> symbols 
S01 20 Completely correct bar-graph No problems with bar-graphs Can draw a bar-graph 
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Item  
Distractor 
or 
Category 
Response Description Inference Generalized description 
S01 21 Substantially correct bar-graph Minor problems drawing a bar-graph Understands a bar-graph 
S01 10 Partially correct bar-graph Has difficulty drawing a bar-graph Cannot complete a bar-graph 
S01 11 Bar-graph with correct heights only Major problems drawing a bar-graph Cannot draw a bar-graph 
S01 70 No bar-graph drawn Substantial problems drawing a bar-graph Cannot draw a bar-graph 
S01 79 Other incorrect Substantial problems drawing a bar-graph Cannot draw a bar-graph 
S02 10 700 or seven hundred Understands place value to hundreds Understands place value to hundreds 
S02 70 7 Misunderstands the question Misunderstands the question 
S02 71 43 Understands the question to be addition Misunderstands part of the question 
S02 72 70 Does not understand place value Does not understand place value 
S02 73 Uses digits 2739 in other ways Does not understand place value Does not understand place value 
S02 79 Other incorrect Does not understand place value Does not understand place value 
S03 20 Correct calculation of 96.4-333.2=63.2 Solves measurement problem Solves one-step measurement problem  
S03 10 Correct answer but no working Solves measurement problem Solves one-step problem in measurement 
S03 11 Subtraction used but answer incorrect Partially solves measurement problem Understands how to solve a measurement 
problem with subtraction 
S03 19 Partially correct solution Partially solves measurement problem Understands how to solve a measurement 
problem with subtraction 
S03 70 Incorrect answers or method Cannot solve subtraction problem in 
measurement 
Does not understands how to solve a 
measurement problem with subtraction 
S03 79 Other incorrect Cannot perform measurement subtraction Unable to solve a measurement problem 
S04 10 30 Uses multiplication and division to solve a 
two-step problem 
Solves a two-step multiplicative problem 
S04 70 10 Uses number in question as the answer Does not understand how to solve a 
multiplicative problem 
S04 71 15 Chooses incorrect unit for multiplication in 
solution 
Cannot solve a multiplicative problem 
S04 72 20 Does not understand how to solve a 
multiplicative problem 
Does not understand how to solve a 
multiplicative problem 
S04 73 21 Does not understand how to solve a 
multiplicative problem 
Does not understand how to solve a 
multiplicative problem 
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Distractor 
or 
Category 
Response Description Inference Generalized description 
S04 74 25 Does not understand how to solve a 
multiplicative problem 
Does not understand how to solve a 
multiplicative problem 
S04 75 40 Does not understand how to solve a 
multiplicative problem 
Does not understand how to solve a 
multiplicative problem 
S04 79 Other Incorrect Does not understand how to solve a 
multiplicative problem 
Does not understand how to solve a 
multiplicative problem 
S05 10 4 Good estimation of length Good estimation of length 
S05 11 5 Poor estimation of length Poor estimation of length 
S05 19 Within 4<X>5.5 Reasonable estimation of length Reasonable estimation of length 
S05 70 Less than 3 Poor estimation of length Poor estimation of length 
S05 71 Within 3<X>4 Reasonable estimation of length Reasonable estimation of length 
S05 72 Within 6.5<X>8 Very poor estimation of length Very poor estimation of length 
S05 73 Within 5.5<X>6.6 Poor estimation of length Poor estimation of length 
S05 79 Other incorrect Unable to estimate length Unable to estimate length 
T01a 10 25 Reads the y-axis on a bar-graph correctly Can read a bar-graph 
T01a 70 5 Interprets the y-axis on a bar-graph as a 
one-to-one scale 
Cannot read a bar-graph 
T01a 79 Other incorrect Reads the y-axis incorrectly Cannot read a bar-graph 
T01b 20 125 with calculations shown Reads the data from the y-axis and uses it 
to solve a problem 
Can use graphical data to solve a problem 
T01b 21 125 verbal explanation of correct procedure Reads the data from the y-axis and uses it 
to solve a problem 
Can use graphical data to solve a problem 
T01b 29 Other correct Reads the data from the y-axis and uses it 
to solve a problem 
Can use graphical data to solve a problem 
T01b 10 Addition used incorrectly Can read the y-axis Understands how to use graphical data 
T01b 11 125 but no working shown Can read the y-axis Understands how to use graphical data 
T01b 19 Other partially correct Can read the y-axis Understands how to use graphical data 
T01b 70 115 or 135 Incorrect addition Cannot add correctly Addition problems 
T01b 71 25 Does not understand how to solve the 
problem 
Cannot use graphical data to solve a 
problem 
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Item  
Distractor 
or 
Category 
Response Description Inference Generalized description 
T01b 79 Other incorrect Does not understand how to solve the 
problem 
Cannot use graphical data to solve a 
problem 
T02 10 1349 Understands place value up to thousands Understands place value up to thousands 
T02 70 1, 3, 4, 9 Does not understand the question Reading problem 
T02 71 1 The smallest of the numbers Does not understand the question Reading problem 
T02 72 4 Counts how many numbers Does not understand the question Reading problem 
T02 73 17 Adds the numbers Does not understand the question Reading problem 
T02 74 Any four digit number with 1, 3, 4, 9 except 
1349 
Does not understand place value Place value problems 
T02 75 13 Misunderstands the question Reading problem 
T02 79 Other incorrect Mis-understands the question Place value problems 
T03 10 05:30 or 5:30 Can subtract time Able to solve subtraction of time problems 
T03 11 Correct written answer Can subtract time Able to solve subtraction of time problems 
T03 70 04:30 and equivalents Incorrect subtraction Cannot solve subtraction of time problems 
T03 71 06:00 and equivalents Incorrect subtraction Cannot solve subtraction of time problems 
T03 72 06:30 and equivalents Incorrect subtraction Cannot solve subtraction of time problems 
T03 73 08:30 and equivalents Misunderstands question, adds Reading problem 
T03 79 Other incorrect Cannot solve subtraction of time problems Cannot solve subtraction of time problems 
T04a 10 YES Response says that 10 is half of 20 or 
20 is twice 10 
Understands a ratio Can solve ratio problems 
T04a 19 Other correct explanations Understands a ratio Can solve ratio problems 
T04a 70 NO Unsatisfactory explanation Does not understand ratio Cannot solve ratio problems 
T04a 71 NO No explanation Does not understand ratio Cannot solve ratio problems 
T04a 72 YES Unsatisfactory explanation Does not understand ratio Cannot solve ratio problems 
T04a 73 YES No explanation Does not understand ratio Cannot solve ratio problems 
T04a 79 Other incorrect Does not understand ratio Cannot solve ratio problems 
T04b 10 NO Response says that 10 is not half of 30 Understands a ratio Can solve ratio problems 
T04b 19 Other correct explanations Understands a ratio Can solve ratio problems 
T04b 70 YES Unsatisfactory explanation Does not understand ratio Cannot solve ratio problems 
T04b 71 YES No explanation Does not understand ratio Cannot solve ratio problems 
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Distractor 
or 
Category 
Response Description Inference Generalized description 
T04b 72 NO Unsatisfactory explanation Does not understand ratio Cannot solve ratio problems 
T04b 73 NO No explanation Does not understand ratio Cannot solve ratio problems 
T04b 79 Other incorrect Does not understand ratio Cannot solve ratio problems 
T05 10 Correct drawing Can visualize accurately Good spatial visualization 
T05 11 Correct drawing of remaining paper Can visualize accurately Good spatial visualization 
T05 19 Other correct Can visualize accurately Good spatial visualization 
T05 70 Incorrect fold-line visualized Cannot visualize accurately Problem with spatial visualization 
T05 71 No fold-line visualized Cannot visualize accurately Problem with spatial visualization 
T05 72 Incomplete visualization of cut-out figure Cannot visualize accurately Problem with spatial visualization 
T05 79 Other incorrect Cannot visualize accurately Problem with spatial visualization 
U01 20 14 triangles drawn Can visualize accurately Good spatial visualization 
U01 10 14 but incorrect triangles drawn Can visualize accurately Good spatial visualization 
U01 11 14 no drawing Can visualize accurately Good spatial visualization 
U01 12 Drawing correct but triangles miscounted Can visualize accurately Good spatial visualization 
U01 70 Incorrect drawing and count Cannot visualize accurately Problem with spatial visualization 
U01 79 Other incorrect Cannot visualize accurately Problem with spatial visualization 
U02 10 A fraction with numerator greater than 2 
and a denominator equal to 7 
Understand concept of vulgar fraction  Understands the concept of vulgar fraction  
U02 11 A fraction with numerator equal to 2 and a 
denominator less than 7 
Understand concept of vulgar fraction  Understands the concept of vulgar fraction  
U02 12 Three-eighths Understand concept of vulgar fraction  Understands the concept of vulgar fraction  
U02 13 One-half. (Other fractions with numeric 
value equal to one-half are coded 19) 
Understand concept of vulgar fraction  Understands the concept of vulgar fraction  
U02 19 Other correct fractions Understand concept of vulgar fraction  Understands the concept of vulgar fraction  
U02 70 One-seventh Misunderstands the question Misunderstands the question 
U02 71 Four-fourteenths Believes doubling digits changes the value 
of a vulgar fraction 
Does not understand the concept of vulgar 
fractions 
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or 
Category 
Response Description Inference Generalized description 
U02 72 Two-eighths Ignores numerator and believes that the 
larger the denominator the larger the vulgar 
fraction 
Does not understand the concept of vulgar 
fractions 
U02 79 Other incorrect Does not understand the concept of vulgar 
fractions 
Does not understand the concept of vulgar 
fractions 
U03a 10 30 Can solve a two-step multiplicative problem Can solve a two-step multiplicative problem 
U03a 70 10 Misreads problem Reading problem 
U03a 79 Other incorrect Cannot solve a two-step multiplicative 
problem 
Cannot solve a two-step multiplicative 
problem 
U03b 10 27 Can solve a two-step multiplicative problem Can solve a two-step multiplicative problem 
U03b 70 Any other multiple of 3 Cannot solve a two-step multiplicative 
problem 
Cannot solve a two-step multiplicative 
problem 
U03b 79 Other incorrect Cannot solve a two-step multiplicative 
problem 
Cannot solve a two-step multiplicative 
problem 
U03c 10 Louisa Can solve simple time duration problem Can solve a one-step problem 
U03c 11 Response consistent with a, b answers Can solve simple time duration problem Can solve a one-step problem 
U03c 70 Response inconsistent with either part a, b, 
or both 
Cannot solve simple time duration problem Cannot solve a one-step problem 
U03c 79 Other incorrect Cannot solve simple time duration problem Cannot solve a one-step problem 
U04 10 Decreases by 4 Finds the rule for a number pattern Understands the rule for a number pattern 
U04 11 30 Indicates next number Understands the rule for a number pattern 
U04 19 Other correct Understands the rule for a number pattern Understands the rule for a number pattern 
U04 70 Increases by 4 Misreads the question Does not understand the rule for a number 
pattern 
U04 71 4 with no explanation Knows the 'rule' number Understands the rule for a number pattern 
U04 79 Other incorrect Does not understand the rule for a number 
pattern 
Does not understand the rule for a number 
pattern 
U05 10 5X4 Understands multiplication concept Understands multiplication concept 
U05 11 4X5 Understands multiplication concept Understands multiplication concept 
U05 19 Other correct Understands multiplication concept Understands multiplication concept 
APPENDIX V  Analysis of Item Responses 
 472 
Item  
Distractor 
or 
Category 
Response Description Inference Generalized description 
U05 70 4X4=16 Miscounts, correct fact Understands multiplication concept 
U05 71 4X4=20 Miscounts, incorrect fact Understands multiplication concept 
U05 72 10X2=20 or 2X10=20 Uses total and a known fact Does not understand multiplication concept 
U05 79 Other incorrect Does not understand multiplication concept Does not understand multiplication concept 
V01 20 NO Both circles correctly partitioned Understands fraction concept and can 
explain 
Understands fraction concept 
V01 10 NO No partitioning shown Understands fraction concept but no 
explanation 
Understands fraction concept 
V01 11 NO Only one circle correct Understands fraction concept with partial 
explanation 
Understands fraction concept 
V01 12 NO other incorrect partitioning Understands fraction concept Understands fraction concept 
V01 13 YES Both circles correctly partitioned but no 
explanation 
Misunderstands fraction representation Misunderstands fraction concept 
V01 19 Other partially correct Understands fraction concept Understands fraction concept 
V01 70 YES No partitioning  Misunderstands fraction concept Misunderstands fraction concept 
V01 71 YES 1/3 smaller than 1/4 Misunderstands fraction concept Misunderstands fraction concept 
V01 72 YES One or both partitionings in 3 or 4 
parts 
Misunderstands fraction concept Misunderstands fraction concept 
V01 79 Other incorrect Misunderstands fraction concept Misunderstands fraction concept 
V02 10 57821 Understands place value to 10 000 Understands place value to tens of 
thousands 
V02 70 66821 Adds 10 000 Place value problems 
V02 71 Any number except 66821 where at least 
one digit has increased by 1 
Adds a multiple of ten Place value problems 
V02 79 Other incorrect Place value problems Place value problems 
V03 10 198 Bridges 200 in subtraction Understands place value 
V03 70 98 or 298 Cannot bridge 200 correctly in subtraction Cannot bridge 100 in subtraction 
V03 71 5 Uses given number Mis-reads question 
V03 72 206 Adds only Mis-reads question 
V03 79 Other incorrect Cannot bridge 100 in subtraction Cannot bridge 100 in subtraction 
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V04a 20 Mysong 64, 55 shown (or the difference 9) Understands addition of two-digit numbers Understands addition of two-digit numbers 
V04a 10 Mysong Either 64 ot 55 not both Understands addition of two-digit numbers Understands addition of two-digit numbers 
V04a 11 Mysong No explanation Understands addition of two-digit numbers Understands addition of two-digit numbers 
V04a 12 Mysong 64, 55 shown with unsatisfactory 
explanation 
Understands addition of two-digit numbers Understands addition of two-digit numbers 
V04a 13 Mysong 64, 55 shown with no explanation Understands addition of two-digit numbers Understands addition of two-digit numbers 
V04a 19 Other Mysong responses Understands addition of two-digit numbers Understands addition of two-digit numbers 
V04a 70 Neither win Poor understanding of addition of two-digit 
numbers 
Does not understand addition of two-digit 
numbers 
V04a 71 Naoki with or without explanation Poor understanding of addition of two-digit 
numbers 
Does not understand addition of two-digit 
numbers 
V04a 79 Other incorrect (including 'both won') Poor understanding of addition of two-digit 
numbers 
Does not understand addition of two-digit 
numbers 
V04b 10 One of: 42+31; 41+32; 31+42; 32+41 Understands addition of two-digit numbers Understands addition of two-digit numbers 
V04b 70 Incorrect combinations of 1, 2, 3, 4 Poor understanding of addition of two-digit 
numbers 
Does not understand addition of two-digit 
numbers 
V04b 71 Combinations of 1, 2, 3, 4 and some used 
twice 
Misunderstands the question Reading problem 
V04b 72 Combinations using digits other than 1, 2, 3, 
4 
Misunderstands the question Reading problem 
V04b 79 Other incorrect Poor understanding of addition of two-digit 
numbers 
Cannot solve two-digit addition problems 
V05 10 1000 Understands metric units Understands metric units 
V05 11 Thousand/or 'one thousand' Understands metric units Understands metric units 
V05 70 10 Incorrect relationship Poor understanding of metric units 
V05 71 60 Does not understand metric units Does not understand metric units 
V05 72 100 Incorrect relationship Poor understanding of metric units 
V05 73 10 000 Incorrect relationship Poor understanding of metric units 
V05 79 Other incorrect Does not understand metric units Does not understand metric units 
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I01 A Smallest of any three numbers Does not understand an algebraic 
expression 
Does not understand an algebraic 
expression 
I01 B Correct Understands algebraic expressions Understands algebraic expressions 
I01 C Largest of any three numbers Does not understand an algebraic 
expression 
Does not understand an algebraic 
expression 
I01 D Does not fully understand the problem Does not fully understand an algebraic 
expression 
Does not understand an algebraic 
expression 
I02 A Uses given number, 2 Unable to solve two-step problem Unable to solve two-step problem 
I02 B Guess Unable to solve two-step problem Unable to solve two-step problem 
I02 C Correct Is able to solve a two-step problem Able to solve a two-step problem 
I02 D Finds two-thirds of 60 Solves only part of a two-step problem Able to solve part of a two-step problem 
I02 E Finds three-quarters of 60 Solves only part of a two-step problem Able to solve part of a two-step problem 
I03 A Misunderstands metric units  (litres) Misunderstands metric units  (litres) Misunderstands metric units  (litres) 
I03 B Misunderstands metric units  (litres) Misunderstands metric units  (litres) Misunderstands metric units  (litres) 
I03 C Correct Understands metric units Understands metric units  (litres) 
I03 D Misunderstands metric units  (litres) Misunderstands metric units  (litres) Misunderstands metric units  (litres) 
I04 10 Correct (52) Able to solve a two-step problem Able to solve a two-step problem 
I04 70 27 and 38 Solves only part of a two-step problem Able to solve part of a two-step problem 
I04 71 27 or 38 Solves only part of a two-step problem Able to solve part of a two-step problem 
I04 72 17 Misread question Misread question 
I04 73 31 Misread question Misread question 
I04 74 42 Unable to solve a two-step problem Unable to solve a two-step problem 
I04 75 There is no other number that occurs in 
both sequences' or any similar explanation 
Unable to solve a two-step problem Unable to solve a two-step problem 
I04 79 Other incorrect Unable to solve a two-step problem Unable to solve a two-step problem 
I05 A Problems after a decomposition in decimal 
subtraction 
Unable to perform decimal subtraction to 
100ths 
Problems with decimal subtraction 
I05 B Correct Able to perform two-place decimal 
subtraction 
Can perform decimal subtraction 
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I05 C Forgets to 'carry' after 'borrowing' in decimal 
subtraction 
Performs decomposition inconsistently Problems with decimal subtraction 
I05 D Smaller from larger as subtraction strategy Smaller from larger as subtraction strategy Smaller from larger as subtraction strategy 
I06 10 A fraction with numerator greater than 2 
and a denominator equal to 7 
Understand concept of vulgar fraction  Understands the concept of vulgar fraction  
I06 11 A fraction with numerator equal to 2 and a 
denominator less than 7 
Understand concept of vulgar fraction  Understands the concept of vulgar fraction  
I06 12 Three-eighths Understand concept of vulgar fraction  Understands the concept of vulgar fraction  
I06 13 One-half. (Other fractions with numeric 
value equal to one-half are coded 19) 
Understand concept of vulgar fraction  Understands the concept of vulgar fraction  
I06 19 Other correct fractions Understand concept of vulgar fraction  Understands the concept of vulgar fraction  
I06 70 One-seventh Misunderstands the question Misunderstands the question 
I06 71 Four-fourteenths Believes doubling digits changes the value 
of a vulgar fraction 
Does not understand the concept of vulgar 
fractions 
I06 72 Two-eighths Ignores numerator and believes that the 
larger the denominator the larger the vulgar 
fraction 
Does not understand the concept of vulgar 
fractions 
I06 79 Other incorrect Does not understand the concept of vulgar 
fractions 
Does not understand the concept of vulgar 
fractions 
I07 A Correct Understands use of estimation of price ($) Understands the use of estimation 
I07 B Guess Does not understand the use of estimation 
of price ($) 
Does not understand the use of estimation 
I07 C Guess Does not understand the use of estimation 
of price ($) 
Does not understand the use of estimation 
I07 D Guess Does not understand the use of estimation 
of price ($) 
 
Does not understand the use of estimation 
I08 A (1, 1) Cannot find co-ordinates on a linear graph Does not understand a linear graph 
I08 B (2, 4) Finds equation but neglects intercept Does not understand linear graphs 
I08 C (5, 6) Correct Can find points on linear graph Understand linear graphs 
I08 D (6, 3) Mis-calculates gradient and intercept Does not understand linear graphs 
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I08 E (6, 5) Reverses co-ordinate order Does not understand linear graphs 
I09 A Correct One-half gives the greatest chance of 
selection 
Understands concept of probability 
I09 B Blue Does not know the concept of probability Does not know the concept of probability 
I09 C Green Does not know the concept of probability Does not know the concept of probability 
I09 D Yellow Largest denominator Mi-understands the concept of probability 
J10 A Adds given figures Does not understand problem Is unable to solve a two-step problem 
J10 B Subtracts side lengths to find area 
difference 
Solves only part of a two-step problem Able to solve part of a two-step problem 
J10 C Correct Completes a two-step problem Able to solve a two--step problem 
J10 D Calculates larger area only Solves only part of a two-step problem Able to solve part of a two-step problem 
J11 A Adjacent sides Does not know definition of parallelogram Does not know definition of parallelogram 
J11 B Parallel trigger for answer Does not know definition of parallelogram Does not know definition of parallelogram 
J11 C Axis of symmetry Does not know definition of parallelogram Does not know definition of parallelogram 
J11 D Adjacent angles Does not know definition of parallelogram Does not know definition of parallelogram 
J11 E Correct Understands definition of parallelogram Understands the definition of a 
parallelogram 
J12 10 Six-sevenths Understands division of vulgar fractions Understand division of vulgar fractions 
J12 19 Other fraction or decimal equalling six-
sevenths 
Understands division of vulgar fractions Understand division of vulgar fractions 
J12 70 Any fraction with 2 as a numerator Has incomplete knowledge or skill for 
performing division of vulgar fractions 
Does not fully understand vulgar fractions 
J12 71 A response (other than 90/105) that 
indicates working out the common 
denominator, 105 
Has incomplete knowledge or skill for 
performing division of vulgar fractions 
Does not fully understand vulgar fractions 
J12 72 Seven-sixths or equivalent Does not fully understand method for 
dividing vulgar fractions 
Does not fully understand vulgar fractions 
J12 79 Other incorrect Has incomplete knowledge or skill for 
performing division of vulgar fractions 
Does not fully understand vulgar fractions 
J13 10 5 and a half faces Understands pictograph key Understands pictographs 
J13 11 5 full faces and some expression indicating Understands pictographs Understands pictographs 
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one half a face or a new symbol for a 5 is 
defined and used, e.g. expressions like '+5', 
fractions with faces as numerator or 
denominator or similar  
J13 19 Other correct Understands pictographs Understands pictographs 
J13 70 4 and a half faces Misunderstands pictograph key Does not fully understand pictographs 
J13 71 5 faces Misunderstands pictograph key Does not fully understand pictographs 
J13 72 6 faces Does not understand pictograph key Does not fully understand pictographs 
J13 79 Other incorrect Does not understand pictograph key Does not fully understand pictographs 
J14 A Counts decimal places(like multiplication) Does not understand division of decimals Place-values problems with decimals 
J14 B Ignores decimal point in divisor Does not understand division of decimals Place-values problems with decimals 
J14 C Decimal place error Misunderstanding of decimal places Place-values problems with decimals 
J14 D Decimal place error Misunderstanding of decimal places Place-values problems with decimals 
J14 E Correct Understands decimal places Understands decimal places 
J15 A Correct Understands definition of similar triangles Understands similarity 
J15 B Selects by 'sight' Does not know definition of similarity Does not understand similarity 
J15 C Selects by similar orientation Does not know definition of similarity Does not understand similarity 
J15 D Selects by similar 'pointy-ness' Does not know definition of similarity Does not understand similarity 
J15 E Misreads as dissimilar in lay sense Does not know definition of similarity Does not understand similarity 
J16 A (8, 12) Correct Can estimate co-ordinates Understands co-ordinate system 
J16 B Mis-estimates y-axis Cannot use co-ordinate system Does not understand the co-ordinate 
system 
J16 C Reverses x and y co-ordinates Cannot use co-ordinate system Does not understand the co-ordinate 
system 
J16 D Uses symmetry Does not understand co-ordinate system Does not understand the co-ordinate 
system 
J17 A 4km Guess Cannot use map scale Cannot use map scale 
J17 B 16 km Guess Cannot use map scale Cannot use map scale 
J17 C Correct Can use map scale Can use map scale 
J17 D 50 km Guess Cannot use map scale Cannot use map scale 
J18 A Copies previous entry Cannot recognizes number relationship in a Unable to recognize number relationship 
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pattern 
J18 B Correct Correctly recognizes number relationship in 
a pattern 
Able to recognize number relationship 
J18 C Doubles x value Cannot correctly recognizes number 
relationship in a pattern 
Unable to recognize number relationship 
J18 D Two less than next value (like x value) Cannot correctly recognizes number 
relationship in a pattern 
Unable to recognize number relationship 
J18 E Subtracts 6 (y pattern in reverse order) Cannot correctly recognizes number 
relationship in a pattern 
Unable to recognize number relationship 
K01 A Checks by 'eye' Uses stem as visual clue for area model 
vulgar fraction 
Cannot estimate a vulgar fraction 
K01 B Checks by 'eye' Uses stem as visual clue for area model 
vulgar fraction 
Cannot estimate a vulgar fraction 
K01 C Checks by 'eye' Uses stem as visual clue for area model 
vulgar fraction 
Cannot estimate a vulgar fraction 
K01 D Correct Can estimate a vulgar fraction in an area 
model 
Is able to estimate a vulgar fraction 
K01 E Guess Cannot estimate a vulgar fraction Cannot estimate a vulgar fraction 
K02 10 9.375 Can add two three-place decimal numbers Can add two-place decimal numbers 
K02 19 Other responses equivalent to 9.375 Can add two three-place decimal numbers Can add two-place decimal numbers 
K02 70 8.700 or 8.7 Cannot add two three-place decimal 
numbers 
Problems with operations on decimal 
numbers 
K02 71 Contains miscalculated figures  
Example: 10.375, 9.395, 9.475 or similar 
Makes errors when adding two three-place 
decimal numbers 
Problems when adding 
K02 72 One of the following: 6, 60, 600, or 6000 Makes decimal point errors Place value problems 
K02 79 Other incorrect Makes errors when adding two three-place decimal numbers 
K03 A Correct Can visualize a 3-D object when rotated Can visualize 3-D objects 
K03 B Quarter turn with a left to right 'flip' Cannot visualize 3-D objects correctly when 
rotated 
Cannot visualize 3-D objects correctly 
K03 C Half turn with left to right 'flip' Cannot visualize 3-D objects correctly when 
rotated 
Cannot visualize 3-D objects correctly 
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K03 D Adds extra cubes to shape Cannot visualize 3-D object when rotated Cannot visualize 3-D objects correctly 
K04 A Translates denominator across < sign Does not understand inequality rules Does not understand inequalities 
K04 B Subtracts 2 from other side of in-equation Does not understand inequality rules Does not understand inequalities 
K04 C Correct Understands inequality rules Understands inequalities 
K04 D Subtracts 2 and changes sign to > Does not understand inequality rules Does not understand inequalities 
K04 E Multiplies by 2 and changes sign to > Does not understand inequality rules Does not understand inequalities 
K05 10 12 Knows area and perimeter rules for 
rectangles 
Understands area and perimeter 
K05 70 22 Adds given numbers Does not understand area and perimeter 
K05 71 24 Multiplies half the given number values Does not understand area and perimeter 
K05 72 48 Multiplies half one the given number values 
by the other 
Does not understand area and perimeter 
K05 73 60 Multiplies given length by both opposite 
sides 
Does not understand area and perimeter 
K05 74 96 or indication of 6*16 Multiplies given numbers Does not understand area and perimeter 
K05 79 Other incorrect Does not understand area and perimeter Does not understand area and perimeter 
K06 A 50% more students Cannot calculate % of given number Does not understand % 
K06 B 30% more students Cannot calculate % of given number Does not understand % 
K06 C 25% more students Cannot calculate % of given number Does not understand % 
K06 D Correct Can calculate 115% of given number Understands % 
K06 E Rounds up to 1200 Does not understand % as a fraction Does not understand % 
K07 A Divides by 7 only Cannot complete probability calculation Does not understand probability 
K07 B 6 Numerator misunderstanding Misunderstand role of numerator in 
probability 
Does not understand probability 
K07 C Correct Able to complete two-step probability 
problem 
Understands probability 
K07 D 10 Guess Unable to complete two-step probability 
problem 
Does not understand probability 
K07 E Calculates reverse of question Misunderstands problem Misreads problem 
K08 A Fills gap with given angle Does not know properties of similar 
triangles 
Does not understand similar triangles 
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K08 B Correct Knows properties of similar triangles Understands similar triangles 
K08 C Error in 52+73 or subtraction from 180 Knows properties of similar triangles Understands similar triangles 
K08 D Repeats angle from question stem Does not know properties of similar 
triangles 
Does not understand similar triangles 
K08 E Error in subtraction from 180 Knows properties of similar triangles Understands similar triangles 
K09 A Adds denominators and numerators as 
whole numbers 
Treats vulgar fractions as whole numbers Treats vulgar fractions as whole numbers 
K09 B Incorrect denominator-numerator 
multiplication 
Does not understand common denominator  Does not understand common denominator 
K09 C Incorrect denominator-numerator 
multiplication 
Does not understand common denominator 
role 
Does not understand common denominator 
K09 D Correct Able to solve vulgar fraction addition Understands vulgar fraction addition 
L08 A Under estimates height Poor estimation of height Unable to estimate height 
L08 B Correct Able to estimate height Able to estimate height 
L08 C Over estimates height Poor estimation of height Unable to estimate height 
L08 D Very poor estimate of height Very poor estimation of height Unable to estimate height 
L09 A Misreads 'hundred' Misreads question Misreads question 
L09 B Correct Understands numeration to tenths Understands numeration to tenths 
L09 C Ignores 'tenths' Ignores decimal point Ignores decimal point 
L09 D Expresses number literally Does not understand numeration Does not understand numeration 
L10 A Reads only 'noon' part of table Reads only part of a table Unable to read a table of values 
L10 B Correct Able to read table of values Able to read a table of values 
L10 C 15 Guess Unable to read table of values Unable to read a table of values 
L10 D Misreads 'highest' as 'lowest' Reading problem Reading problem 
L11 A Adds drops only Misunderstands question Reading problem 
L11 B Misses last 'drop' Misreads question Reading problem 
L11 C Correct Able to solve two-step problem Able to solve two-step problem 
L11 D Doubles first drop Misunderstands question Reading problem 
L12 A Confuses more steps as longer pace Scale ideas confused Misunderstanding of scale concept 
L12 B Guess Poor ideas of scale Does not understand scale 
L12 C Guess Poor ideas of scale Does not understand scale 
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L12 D Correct Understands scale ideas Understands scale concept 
L13 A Misunderstands repeating part of pattern Cannot discern a pattern Does not understand patterns 
L13 B One pattern element dominates thinking Cannot discern two elements of a pattern Has limited understanding of pattern rule 
L13 C Correct Can discern a pattern Understands pattern rule 
L13 D Guess Cannot discern a pattern Does not understand patterns 
L14 A Uses x sequence only for P; Q unknown Uses only part of the given information Unable to find relationship between two 
values 
L14 B Uses x sequence only for P; uses doubling 
for Q 
Uses only part of the given information Unable to find relationship between two 
values 
L14 C Uses x sequence only for P; uses 
subtraction for Q 
Uses only part of the given information Unable to find relationship between two 
values 
L14 D Reverses values Able to establish relationship but confuses 
x, y sequences 
Unable to find relationship between two 
values 
L14 E Correct Able to establish relationship between x, y 
sequences 
Able to find relationship between two values 
L15 A Correct Calculates missing angle in quadrilateral Knows the sum of the angles of a 
quadrilateral 
L15 B Uses given value Unable to calculate missing angle Does not know the sum of the angles in a 
quadrilateral 
L15 C 130 degrees Guess Unable to calculate missing angle Does not know the sum of the angles in a 
quadrilateral 
L15 D Omits given value in calculation Does not use all given information Unable to solve a two-step problem 
L15 E None of the above No understanding of the 
problem 
Unable to calculate missing angle Does not know the sum of the angles in a 
quadrilateral 
L16 10 Correct Able to solve a linear equation for x Able to solve a linear equation 
L16 70 Correct procedure but incorrect sign of x or 
numbers 
Problems with signs in equation solution Able to solve a linear equation 
L16 71 Correct procedure but incorrect sign of x or 
numbers 
Problems with signs in equation solution Unable to solve a linear equation 
L16 72 Does not eliminate x from both sides Incomplete understanding of equation 
solution method 
Unable to solve a linear equation 
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L16 79 Other incorrect Cannot solve linear equation Unable to solve a linear equation 
L17 A Incorrect conversion of two-thirds to twelfths Problem with equivalence Vulgar fraction problems 
L17 B Correct Able to form common denominator Able to calculate with vulgar fractions 
L17 C Uses 24 as common denominator and mis-
adds 
Problem with choice of common 
denominator 
Vulgar fraction problems 
L17 D Converts two-thirds to nine-twelfths Problem with equivalence Vulgar fraction problems 
L17 E Does not convert quarters to twelfths Problem with equivalence Vulgar fraction problems 
M01 A Reads divisions on scale as 1 gram Cannot read semi-marked scale Unable to read scale 
M01 B 160g A number between 150 and 200 Cannot read scale Unable to read scale 
M01 C Reads divisions on scale as 5 gram Cannot read semi-marked scale Unable to read scale 
M01 D Correct Able to read semi-marked scale Able to read scale 
M02 A Correct Knows symmetry elements of a rectangle Knows symmetry 
M02 B Selects vertical line of symmetry Knows some symmetry elements of a 
rectangle 
Has a limited understanding of symmetry 
M02 C Selects horizontal line of symmetry Knows some symmetry elements of a 
rectangle 
Has a limited understanding of symmetry 
M02 D Confuses diagonals and lines of symmetry Does not have a clear understanding of 
symmetry 
Does not know symmetry 
M03 A Correct Able to use basic concept of probability Understands probability 
M03 B Selects 100 marbles Possible confusion with percentages Does not understand probability 
M03 C Selects 1000 marbles Most objects equated with greatest chance Does not understand probability 
M03 D Focuses on the one red marble Does not understand concept of probability Does not understand probability 
M04 A Correct Understands vulgar fraction notation Understands vulgar fractions 
M04 B Selects large common fraction (three-
quarters) 
Mis-led by familiarity of three-quarters Does not understand vulgar fractions 
M04 C 5/8 Numerator and denominator both large 
numbers 
Does not understand vulgar fractions Does not understand vulgar fractions 
M05 D Selects largest denominator Whole number view of the denominator Does not understand vulgar fractions 
M05 A Horizontal flip Flip instead of rotate Does not understand rotations 
M05 B Vertical flip Flip instead of rotate Does not understand rotations 
M05 C Unchanged No understanding of rotations Does not understand rotations 
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M05 D Correct Understands rotations Understands rotations 
M05 E Shifts shape up the page Neither flip nor rotation Does not understand rotations 
M06 10 Correct Able to calculate a ratio Able to calculate a ratio 
M06 70 7 Adds given numbers in ratio problem Cannot solve a ratio problem 
M06 71 12 Multiplies given numbers in ratio problem Cannot solve a ratio problem 
M06 72 13 Divides class number into half and 
subtracts 1 (given number difference) 
Cannot solve a ratio problem 
M06 73 15 Divides class number into half and 
subtracts 1 (given number difference) 
Cannot solve a ratio problem 
M06 74 21 Manipulates all given numbers  Cannot solve a ratio problem 
M06 79 Other incorrect Cannot solve a ratio problem Cannot solve a ratio problem 
M07 A Ignores x, multiplies given numbers Does not understand equations with an 
unknown 
Unable to solve a problem in one unknown 
M07 B x is 10, so 4 *  is 40 Does not understand equations with an 
unknown 
Unable to solve a problem in one unknown 
M07 C x is 10, so 5*  is 50 and is the wrong angle Misunderstands problem Misreads problem 
M07 D Correct Able to solve unknown angle problem Able to solve a problem in one unknown 
M07 E Wrong angle doubled Misreads question Unable to solve a problem in one unknown 
M08 10 Correct Able to multiply decimals Understands place value 
M08 70 1.1368 Unable to place the decimal point correctly Place value problems 
M08 71 11.368 Unable to place the decimal point correctly Place value problems 
M08 72 11368 Unable to place the decimal point correctly Place value problems 
M08 73 Other misplaced decimal point Unable to place the decimal point correctly Place value problems 
M08 74 One miscalculated digit Problems with multiplication Multiplication problems 
M08 75 Decimal larger than 0 or less than 1 Problems with multiplication Multiplication problems 
M09 79 Other incorrect Problems with multiplication Multiplication problems 
N11 A 18 043 Misread given number as 18 100 Unable to round correctly Unable to round 
N11 B Correct Able to round correctly to the nearest 100 Able to round 
N11 C Rounds down to 200 Unable to round correctly Unable to round 
N11 D 18 328 Misread given number as 18 300 Unable to round correctly Unable to round 
N12 A Between O and P Adds given numbers and Able to solve number-line problem Solves number line problem 
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subtracts from R 
N12 B Correct Unable to solve number-line problem Unable to solve number-line problem 
N12 C Counts 5 left, 3 right Unable to solve number-line problem Unable to solve number-line problem 
N12 D Misunderstands question Does not understand problem Does not understand problem 
N13 10 3 Correct Substitutes in an algebraic problem  Solves an algebraic equation 
N13 11 Correct fractional answer (not lowest terms) Substitutes in an algebraic problem  Solves an algebraic equation 
N13 70 Incomplete correct solution Partial substitution in an algebraic problem Partly solves an algebraic equation 
N13 71 Incorrect substitution Unable to substitute correctly in an 
algebraic equation 
Unable to solve an algebraic equation 
N13 72 Response still contains x Incomplete solution Partly solves an algebraic equation 
N13 79 Other incorrect Unable to solve an algebraic equation Unable to solve an algebraic equation 
N14 A Equivalence by a numerator common factor 
of 2 
Does not know equivalent fractions Unable to find equivalent fractions 
N14 B 3/5, 5/7, 9/15 All odd numbers Does not know equivalent fractions Unable to find equivalent fractions 
N14 C Correct Knows equivalent fractions Knows equivalent fractions 
N14 D Equivalence by a numerator common factor 
of 5 
Does not know equivalent fractions Unable to find equivalent fractions 
N15 A Guesses angle Unable to estimate an angle of 30 degrees Unable to estimate an angle 
N15 B Guesses angle Unable to estimate an angle of 30 degrees Unable to estimate an angle 
N15 C Correct Able to estimate an angle of 30 degrees Able to estimate an angle 
N15 D Guesses angle Unable to estimate an angle of 30 degrees Unable to estimate an angle 
N16 A Correct Able to solve two-sep fraction problem Solves two-step fraction problem 
N16 B Adds marbles left to total (18+6) Misunderstands the problem Misreads the problem 
N16 C Misses point that the one-third is of 
remaining marbles but does not add the 6 
Misunderstands the problem Misreads the problem 
N16 D Misses point that the one-third is of 
remaining marbles and adds the remaining 
Misreads the problem Misreads the problem 
N17 A Correct Able to solve two-step decimal problem Solves two-step problem 
N17 B 17.65 litres Error in subtraction from 180 Unable to solve two-step problem Unable to solve two-step problem 
N17 C Calculates used fuel only Misunderstands problem Mis-reads the problem 
N17 D Subtracts smaller from larger (35.00 - 18.75 Smaller from larger subtraction Smaller from larger subtraction 
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= 23.75) 
N18 A One chip drawn from 9 Misunderstands the problem Does not understand probability 
N18 B An even number, 2 Misunderstands the problem Does not understand probability 
N18 C Correct Understands probability Understands probability 
N18 D Half the numbers are even Misunderstands probability Does not understand probability 
N19 10 Correct  Understands vulgar fractions as part of 
whole 
Understands vulgar fractions 
N19 70 Numerator (5) squares shaded Partial understanding of vulgar fractions Partial understanding of vulgar fractions 
N19 71 Denominator (8) squares shaded Partial understanding of vulgar fractions Partial understanding of vulgar fractions 
N19 72  Partial understanding of vulgar fractions Partial understanding of vulgar fractions 
N19 73 5 shaded squares and 3 more indicated to 
total 8 
Poor understanding of vulgar fractions Poor understanding of vulgar fractions 
N19 79 Other incorrect Does not understand vulgar fractions Does not understand vulgar fractions 
O01 A Reads 20m instead of 30m Misreads graph axis Graph reading problem 
O01 B Correct Able to read x-axis value from given y-axis 
value 
Able to read graph correctly 
O01 C Reads 50m instead of 30m Misreads graph axis Graph reading problem 
O01 D 160 kph Guess Graph reading problem Graph reading problem 
O02 A 15% difference in price in cents Unable to calculate percentage increase in 
price 
Cannot solve percentage problems 
O02 B 20% Guess Unable to calculate percentage increase in 
price 
Cannot solve percentage problems 
O02 C Correct Able to calculate percentage increase in 
price 
Can solve percentage problems 
O02 D 30% Guess Unable to calculate percentage increase in 
price 
Cannot solve percentage problems 
O03 A Confuses alternative and supplementary 
angles 
Confuses alternative and supplementary 
angles 
Does not understand angles in parallelism 
O03 B Correct Understands corresponding and 
supplementary angles 
Understands angles in parallelism 
O03 C Does not understand corresponding angles Does not understand corresponding angles Does not understand angles in parallelism 
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O03 D Does not understand alternative and 
corresponding angles 
Does not understand alternative and 
corresponding angles 
Does not understand angles in parallelism 
O03 E Does not understand alternative and 
corresponding angles 
Does not understand alternative and 
corresponding angles 
Does not understand angles in parallelism 
O04 A Hundred instead of hundredths Mis-read problem Reading problem 
O04 B Rounds to nearest whole number Misunderstands problem Misunderstands problem 
O04 C Rounds 6 hundredths to 1 tenth Unable to round to hundredths Does not understand rounding 
O04 D Correct Able to round to hundredths Understands rounding 
O04 E Rounds thousandths instead of hundredths Unable to round to hundredths Does not understand rounding 
O05 A One Difference of given numbers Does not understand probability Does not understand probability 
O05 B Given number used for probability Does not understand probability Does not understand probability 
O05 C Two colours so half and half Does not understand probability Does not understand probability 
O05 D Correct Understand probability Able to solve probability problems 
O05 E Adds given numbers Does not understand probability Does not understand probability 
O06 10 8:05 Correct Able to solve addition of time problems Able to solve time problems 
O06 11 Other equivalent to 8:05 Able to solve addition of time problems Able to solve time problems 
O06 70 7:50:Adds half an hour Cannot add time Cannot add time 
O06 71 8:00 Adds 40 minutes Cannot add time Cannot add time 
O06 72 8:10 Adds incorrectly Cannot add time Cannot add time 
O06 73 8:15 Adds incorrectly Cannot add time Cannot add time 
O06 74 8:35 Adds incorrectly Cannot add time Cannot add time 
O06 79 Other incorrect Cannot add time Cannot add time 
O07 A x = 2  Divides by 5, 3x = 6 Unable to solve equation with x on LHS Cannot solve an algebraic equation 
O07 B Correct Able to solve equation with x on LHS only Solves an algebraic equation 
O07 C Ignores +5 Unable to solve equation with x on LHS Cannot solve an algebraic equation 
O07 D Multiplies by 3, adds 5 to right-hand -side Unable to solve equation with x on LHS Cannot solve an algebraic equation 
O08 A Misunderstands 'rotate' or 'centre' Does not understand rotations Does not understand rotations 
O08 B Correct Understands rotations Understands rotations 
O08 C T goes to R so R is centre Does not understand rotations Does not understand rotations 
O08 D The centre of the drawing Does not understand rotations Does not understand rotations 
O08 E T  T spins to R Does not understand rotations Does not understand rotations 
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O09 10 Correct Able to divide vulgar fractions Able to divide vulgar fractions 
O09 70 Multiplies denominator by given 5km. Multiplication is default operation Does not understand problem 
O09 71 Multiplies 5 by one-quarter (5/4) Multiplication is default operation Does not understand problem 
O09 72 2 Does not understand division by vulgar 
fractions 
Does not understand division by vulgar 
fractions 
O09 73 3 Does not understand division by vulgar 
fractions 
Does not understand division by vulgar 
fractions 
O09 74 4 Given denominator  Does not understand division by vulgar 
fractions 
Does not understand division by vulgar 
fractions 
O09 75 5 Given number Does not understand division by vulgar 
fractions 
Does not understand division by vulgar 
fractions 
O09 79 Other incorrect Does not understand division by vulgar 
fractions 
Does not understand division by vulgar 
fractions 
P08 A 1/1 Confuses side and perimeter Unable to identify ratios Unable to solve ratio problems 
P08 B 1/2 Confuses side and half-perimeter Unable to identify ratios Unable to solve ratio problems 
P08 C One out of three (remaining) Unable to identify ratios Unable to solve ratio problems 
P08 D Correct Able to identify ratios Able to solve ratio problems 
P09 A 3*8/12 Uses all given numbers Unable to identify and calculate ratios Unable to solve ratio problems 
P09 B 12-Apr Unable to identify and calculate ratios Unable to solve ratio problems 
P09 C Correct Able to identify and calculate ratios Able to solve ratio problems 
P09 D 5.5 Poor multiplication Unable to calculate ratios Poor multiplication skills 
P09 E 32 3*8 given numbers Unable to identify and calculate ratios Unable to solve ratio problems 
P10 A m+4 Confuses operations Does not understand index notation Does not understand index notation 
P10 B Correct Understands index notation Understands index notation 
P10 C m4 Confuses + and * Does not understand index notation Does not understand index notation 
P10 D 4(m+1) Does not understand index notation Does not understand index notation 
P11 A 12-3=9 Rough estimate Poor estimation of length Unable to estimate length 
P11 B Correct Able to estimate length Able to estimate length 
P11 C Misreads scale Poor estimation of length Unable to estimate length 
P11 D Misreads scale Poor estimation of length Unable to estimate length 
P12 A  Reasonable estimation Reasonable estimation Unable to estimate multiplication 
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P12 B Over-estimation Over-estimation Unable to estimate multiplication 
P12 C Correct Good estimation Able to estimate multiplication 
P12 D Under-estimation Under-estimation Unable to estimate multiplication 
P13 A 6000 minutes in an hour Unable to multiply where thee are 0's Unable to multiply 
P13 B 600 minutes in an hour Unable to multiply where thee are 0's Unable to multiply 
P13 C Correct Able to multiply where there are 0's Able to multiply 
P13 D 6 minutes in an hour Unable to multiply where thee are 0's Unable to multiply 
P14 A Adds correctly but misses 'left' Misreads problem Reading problem 
P14 B Mis-adds or incomplete Unable to add vulgar fractions Unable to add vulgar fractions 
P14 C Mis-adds or incomplete Unable to add vulgar fractions Unable to add vulgar fractions 
P14 D Correct Able to add vulgar fractions Able to add vulgar fractions 
P15 A Confuses + and * Does not understand 
index notation 
Does not understand index notation Does not understand index notation 
P15 B Correct Understands index notation Understands index notation 
P15 C 3y Does not understand index notation Does not understand index notation Does not understand index notation 
P15 D y2 + y Does not understand index notation Does not understand index notation Does not understand index notation 
 
P16 10 Correct Able to express a decimal as a vulgar 
fraction 
Able to express a decimal as a vulgar 
fraction 
P16 70 28/100 or 14/50 Unable to express vulgar fraction in lowest 
terms 
Unable to express vulgar fraction in lowest 
terms 
P16 71 Any fraction other than 28/100 with 28 as 
numerator 
Uses given digits Unable to express a decimal as a vulgar 
fraction 
P16 72 Any fraction with 28 as denominator Uses given digits Unable to express a decimal as a vulgar 
fraction 
P16 73 2/8 or 1/4 Uses given digits Unable to express a decimal as a vulgar 
fraction 
P16 74 Any mixing of decimal and vulgar fractions Unable to convert decimal fractions to 
vulgar fractions 
Unable to express a decimal as a vulgar 
fraction 
P16 79 Other incorrect Unable to convert decimal fractions to 
vulgar fractions 
Unable to express a decimal as a vulgar 
fraction 
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P17 A Uses given number (8) Given number over-rides other information Reading problem 
P17 B Confuses 8pm and 9am Misreads the table Reading problem 
P17 C Correct Able to read a table and a thermometer Able to read tables and thermometer 
P17 D Mis-reads 3pm for 8pm Misreads problem Reading problem 
Q01 A 5 - 3n Represents problem order Does not understand problem Unable to represent problem in algebraic 
form 
Q01 B 3n Misreads problem Misreads problem Misreads problem 
Q01 C n - 5 Reads first part of problem only Reads only part of problem Reads only part of problem 
Q01 D 3n - 5 Misreads problem Misreads problem Misreads problem 
Q01 E 3(n - 5) Correct Unable to represent problem in algebraic 
form 
Unable to represent problem in algebraic 
form 
Q02 A Omits the unknown (x) Does not understand algebraic equations Unable to solve an algebraic problem 
Q02 B 2 Subtracts x/9 to leave the 2 Does not understand algebraic equations Unable to solve an algebraic problem 
Q02 C Omits the denominator (9) Does not understand vulgar fractions Vulgar fraction problems 
Q02 D Correct Able to solve algebraic fraction problem Able to solve algebraic fraction problem 
Q02 E Multiplies by denominator (common factor?) Does not understand vulgar fractions Vulgar fraction problems 
 
Q03 A Thousands are the largest number Unable to understand problem Unable to understand multiplicative problem 
Q03 B Correct Understands problem Able to solve multiplicative problem 
Q03 C Hours are a long time Unable to understand problem Unable to understand multiplicative problem 
Q03 D A day is a long time Unable to understand problem Unable to understand multiplicative problem 
Q04 A Amy Does not understand the problem Unable to understand logic problem 
Q04 B Correct Able to solve logic problem Able to solve logic problem 
Q04 C Dawn Unable to solve logic problem Unable to solve logic problem 
Q04 D Debbie Unable to solve logic problem Unable to solve logic problem 
Q05 A Correct Understands inequalities Able to solve inequality problem 
Q05 B Uses given numbers (5, 5) Misreads problem Unable to solve inequality problem 
Q05 C More boys than girls Guess Unable to solve ratio inequality Unable to solve inequality problem 
Q05 D Cannot solve problem Cannot solve problem Unable to solve inequality problem 
Q06 A Under-estimate by a factor of ten Poor place value in multiplicative estimation Poor estimation skills 
Q06 B Uses 10 months per year for estimate Poor choice of multiplier for estimate Poor estimation skills 
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Q06 C Correct Able to solve multiplicative estimation 
problem 
Able to solve estimation problem 
Q06 D 2 400 000 Multiplies 6000 by 4 weeks (24 
000) then by 100 for the year 
Unable to solve multiplicative estimation 
problem 
Poor estimation skills 
Q06 E Very poor place value skills Poor place value in multiplicative estimation Poor place value skills 
Q07 A Transposes formula incorrectly Unable to transpose a formula correctly Unable to transpose a formula correctly 
Q07 B 4 Uses given number (3) Unable to substitute in a formula Unable to solve formula problem 
Q07 C Correct Able to substitute in a formula Able to solve a formula problem 
Q07 D Provides a given number Unable to solve formula problem Unable to solve formula problem 
Q07 E Multiplies given numbers Unable to solve formula problem Unable to solve formula problem 
Q08 A Longer is smaller Unable to order vulgar and decimal 
fractions correctly 
Does not understand decimal and vulgar 
fractions 
Q08 B Correct Able to order vulgar and decimal fractions 
correctly 
Understands decimal and vulgar fractions 
Q08 C Whole number order Unable to order vulgar and decimal 
fractions correctly 
Does not understand decimal and vulgar 
fractions 
Q08 D 1/5, 0.8, 0.345, 0.19 Guess Unable to order vulgar and decimal 
fractions correctly 
Does not understand decimal and vulgar 
fractions 
Q09 A 1/8 Multiplies all given fractions Unable to add and multiply vulgar fractions Unable to operate on vulgar fractions 
Q09 B Adds numerators and denominators Unable to add and multiply vulgar fractions Unable to operate on vulgar fractions 
Q09 C Multiplies all denominators Unable to add and multiply vulgar fractions Unable to operate on vulgar fractions 
Q09 D 5/6 Guess Able to add and multiply vulgar fractions Unable to operate on vulgar fractions 
Q09 E Correct Unable to add and multiply vulgar fractions Able to operate on vulgar fraction 
Q10 10 30 (100 - 70) Able to solve a logical problem Able to solve a logical problem 
Q10 70 20 Unable to solve a logical problem Unable to solve a logical problem 
Q10 71 35 Unable to solve a logical problem Unable to solve a logical problem 
Q10 72 40 Unable to solve a logical problem Unable to solve a logical problem 
Q10 73 45 Unable to solve a logical problem Unable to solve a logical problem 
Q10 74 50 Unable to solve a logical problem Unable to solve a logical problem 
Q10 75 60 or 70 Unable to solve a logical problem Unable to solve a logical problem 
Q10 79 Other incorrect Unable to solve a logical problem Unable to solve a logical problem 
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R06 A Correct Able to solve decimal fraction subtraction to 
thousandths 
Able to perform decimal fraction subtraction 
R06 B No carry from thousandths Unable to carry from thousandths in 
subtraction 
Decimal subtraction problems 
R06 C Smaller from larger as subtraction strategy Smaller from larger as subtraction strategy Decimal subtraction problems 
R06 D No carry from hundredths or thousandths Unable to carry from hundredths or 
thousandths in subtraction 
Decimal subtraction problems 
R07 A Divides 0.200 by 25 Does not understand the problem Does not understand the problem 
R07 B Correct Able to divide decimal fractions Able to divide decimal fractions 
R07 C 0.05 Does not understand the problem Does not understand the problem 
R07 D Divided 0.200 by 2.5 Does not understand the problem Does not understand the problem 
R08 A 60m Reads end of drawn line on graph Unable to extrapolate non-linear line graph Unable to extrapolate non-linear line graph 
R08 B Correct Able to extrapolate non-linear line graph Able to extrapolate non-linear line graph 
R08 C Reads axes in reverse order Unable to read axes on a graph Unable to read axes on a graph 
R08 D 100m Misreads x-axis Misreads axis scale Misreads scale 
R09 A (a+b)+c=a+(b+c) Does not read FALSE in problem statement Misreads problem 
R09 B ab=ba Does not read FALSE in problem statement Misreads problem 
R09 C a+b=a+b Does not read FALSE in problem statement Misreads problem 
R09 D (ab)c=a(bc) Does not read FALSE in problem statement Misreads problem 
R09 E (a+b)+c=a+(b+c) Correct Reads FALSE in problem statement Understands algebraic notation 
R10 A Three Problem with visualization Visualization problems Visualization problems 
R10 B Four Problem with visualization Visualization problems Visualization problems 
R10 C Five Correct Able to visualize 2-D figures and partition 
shapes 
Able to visualize 2-D figures 
R10 D Six Counts all triangles including one given Does not understand the problem Does not understand the problem 
R11 A 4 Correct Understands word form of algebraic 
statement 
Able to express problems in algebraic form 
R11 B 6 Problem putting problem statement in 
algebraic form 
Unable to express problems in algebraic 
form 
R11 C 6 Adds student numbers given but omits to 
share between the remaining 2 
Problem putting problem statement in 
algebraic form 
Unable to express problems in algebraic 
form 
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R11 D 9 Adds number of students, subtracts from 
class size and divides by 2 
Problem putting problem statement in 
algebraic form 
Unable to express problems in algebraic 
form 
R12 A 4369 Smaller from larger Smaller from larger misconception Subtraction problems 
R12 B 3742 Incorrect decomposition and error in 
basic subtraction fact 
Misunderstands decomposition algorithm Subtraction problems 
R12 C 3631 Correct Can subtract two four-digit numbers 
involving zeroes 
Able to subtract large whole numbers 
R12 D 3531 Problems in decomposition of 100s Basic fact error Problems with subtraction facts 
R13 10 80 Correct Able to complete two-step vulgar fraction 
problem 
Able to complete two-step problem 
R13 70 2/9 Expresses answer as vulgar fraction 
when $ answer required 
Unable to complete two-step problem Unable to complete two-step problem 
R13 71 40 Finds only 1/9 of $360 Unable to complete two-step problem Unable to complete two-step problem 
R13 72 120 Finds one-third of $360 Incorrectly calculates remaining money as 
3/9 (1/3) 
Unable to complete two-step problem 
R13 73 180 Reads 7/9 as 1/2 Does not understand the problem Unable to solve the problem 
R13 74 300 Unable to solve the problem Unable to solve the problem 
R13 79 Other incorrect Unable to solve the problem Unable to solve the problem 
R14 10 450 Correct Able to solve a multi-step problem involving 
vulgar fractions 
Able to solve a multi-step problems 
R14 70 5 Finds the cost of one item only Unable to complete a multi-step problem Unable to complete a multi-step problem 
R14 71 400 Reads 'same' to mean payment totals Does not understand the problem Does not understand the problem 
R14 72 420 Mis-calculates cost of one item Unable to complete a multi-step problem Unable to complete a multi-step problem 
R14 73 500 Misreads number in problem Unable to complete a multi-step problem Unable to complete a multi-step problem 
R14 74 600 Unable to complete a multi-step problem Unable to complete a multi-step problem 
R14 79 Other incorrect Unable to complete a multi-step problem Unable to complete a multi-step problem 
S01a 10 4 and 9 Correct Able to complete a simple table of values Able to complete a simple table of values 
S01a 70 5 and 10 Miscounts first triangle Unable to complete a simple table of values Unable to complete a simple table of values 
S01a 71 5 and any other integer other than 10 Unable to complete a simple table of values Unable to complete a simple table of values 
S01a 79 Other incorrect Unable to complete a simple table of values Unable to complete a simple table of values 
S01b 10 64 Correct Able to extend a visual-numerical sequence Able to extend a sequence 
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S01b 70 16 The next element of the sequence Misreads the problem Misreads the problem 
S01b 71 35 Unable to extend a visual-numerical 
sequence 
Unable to extend a sequence 
S01b 79 Other incorrect Unable to extend a visual-numerical 
sequence 
Unable to extend a sequence 
S02a 10 81 Correct Able to divide 405 by 5 Able to solve a one-step problem 
S02a 70 1 One square Does not understand the question Unable to solve a one-step problem 
S02a 79 Other incorrect Does not understand the question Unable to solve a one-step problem 
S02b 10 9 Correct Understands area Understands area 
S02b 70 1 Side length is the unit of measure Misconception of area measure 
S02b 71 20.25 One-fourth of the area  Confuses area and perimeter Confuses area and perimeter 
S02b 72 Other indication of division by 4 Confuses area and perimeter Confuses area and perimeter 
S02b 73 40.5 or any indication of division by 2 Confuses area and perimeter Confuses area and perimeter 
S02b 79 Other incorrect Unable to complete two-step problem Unable to complete two-step problem 
S02c 10 108 Correct Able to calculate perimeter correctly Able to calculate perimeter 
S02c 11 Other response consistent with answer in 
S02b multiplied by 12 
Able to calculate perimeter correctly Able to calculate perimeter 
S02c 19 Other correct response consistent with 
S02b 
Able to calculate perimeter correctly Able to calculate perimeter 
S02c 70 81 (4x20.25) or any other indication of 
multiplication by 4 
Confuses area and perimeter Confuses area and perimeter 
S02c 71 405 Uses the given area Confuses area and perimeter Confuses area and perimeter 
S02c 79 Other incorrect Unable to calculate perimeter Unable to calculate perimeter 
T01a 20 33 and 21 Able to solve a multi-step problem Able to solve a multi-step problem 
T01a 10 Follows a correct procedure but makes an 
arithmetic error 
Able to solve a multi-step problem Able to solve a multi-step problem 
T01a 11 One correct solution Able to solve part of a multi-step problem Partly solves a multi-step problem 
T01a 70 15 and 39 Adds to 54 Misunderstands the problem Misunderstands the problem 
T01a 71 One of the answers is 42 (54 - 12) Able to solve part of a multi-step problem Partly solves a multi-step problem 
T01a 72 15 and 27 (54 - 12 = 42 = 15 + 27) Correct procedure on wrong numbers Solves a multi-step problem 
T01a 79 Other incorrect Unable to solve a multi-step problem Unable to solve a multi-step problem 
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T01b 10 An equation with an unknown variable 
stated explicitly 
Algebraic solution strategy Able to solve a multi-step problem 
T01b 11 Divide 54 by 2; add 6 to 27, 33; subtract 6 
from 27, 21 
Arithmetic strategy Able to solve a multi-step problem 
T01b 12 Subtract 12 from 54, 42; divide by 2, 21; 
add 12 to 21, 33 
Arithmetic strategy Able to solve a multi-step problem 
T01b 19 Other fully satisfactory strategy, including 
listing, guess and check 
Appropriate strategy Able to solve a multi-step problem 
T01b 70 No method shown Unable to solve a multi-step problem Unable to solve a multi-step problem 
T01b 71 Inadequate method, but starts appropriately Inadequate strategy Unable to solve a multi-step problem 
T01b 79 Other incorrect Inadequate strategy Unable to solve a multi-step problem 
T02a 10 180 3x60 pieces Able to solve a multi-step problem Able to solve a multi-step problem 
T02a 70 30 Interprets two pieces to one as a half 
ratio 
Misunderstands the problem Unable to solve a multi-step problem 
T02a 71 90 Interprets two pieces to one as a half 
ratio 
Misunderstands the problem Unable to solve a multi-step problem 
T02a 72 120 Interprets problem as doubling Misunderstands the problem Unable to solve a multi-step problem 
T02a 73 240 Triple 60 plus 60 Misunderstands the problem Unable to solve a multi-step problem 
T02a 79 Other incorrect Does not understand the problem Unable to solve a multi-step problem 
T02b 10 One-third Able to solve a multi-step problem Able to solve a multi-step problem 
T02b 19 Any fraction equivalent to 1/3 Able to solve a multi-step problem Able to solve a multi-step problem 
T02b 70 1/4 or both 1/4 and 1/2 Misunderstands the ratio aspect of the 
problem 
Unable to solve a multi-step problem 
T02b 71 3/8 or equivalent Adds given ratios Unable to complete the problem Unable to solve a multi-step problem 
T02b 72 1/2 or equivalent Does not complete the 
problem 
Unable to complete the problem Unable to solve a multi-step problem 
T02b 73 3/4 or equivalent Adds given ratios Unable to complete the problem Unable to solve a multi-step problem 
T02b 74 Any integer Does not understand the problem Unable to solve a multi-step problem 
T02b 79 Other incorrect Unable to solve a multi-step problem Unable to solve a multi-step problem 
U01a 10 15 minutes Able to estimate by rounding Able to estimate 
U01a 11 16 minutes Able to estimate by rounding Able to estimate 
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U01a 70 13 minutes Estimates by truncating Unable to estimate 
U01a 71 14 minutes Unable to estimate Unable to estimate 
U01a 72 15 minutes 14 seconds Calculates instead of estimating Unable to estimate 
U01a 79 17 minutes Estimates by always rounding up Unable to estimate 
U01a 79 Other incorrect Unable to estimate Unable to estimate 
U01b 10 Each time correctly rounded to whole 
minutes 
Able to round correctly to the nearest 100 Able to round correctly 
U01b 11 Each time correctly rounded to nearest 5, 
10, 15 or 30 seconds 
Able to round correctly to the nearest 101 Able to round correctly 
U01b 12 Statements instead of calculations shown  
Eg, "rounded numbers up" 
Able to round correctly to the nearest 102 Able to round correctly 
U01b 13 Adds then rounds off Able to round correctly to the nearest 103 Able to round correctly 
U01b 19 Other correct Able to round correctly to the nearest 104 Able to round correctly 
U01b 70 One or more roundings are incorrect Unable to round correctly consistently Unable to round correctly 
U01b 71 Rounds off from 14 minutes 34 seconds Unable to round off correctly Unable to round correctly 
U01b 79 Other incorrect Unable to round off correctly Unable to round correctly 
U02a 20 9cm and 2cm Correct drawing shown Able to calculate simple ratios Able to calculate simple ratios 
U02a 10 9cm and 2cm Drawing incorrect or missing Able to calculate simple ratios Able to calculate simple ratios 
U02a 11 Length or width not correct Drawing correct Able to calculate simple ratios Able to calculate simple ratios 
U02a 70 15cm and 2cm Explicitly stated or from the 
drawing 
Unable to calculate simple ratios 
consistently 
Unable to calculate simple ratios 
consistently 
U02a 71 7.5cm and 2cm Explicitly stated or from the 
drawing 
Unable to calculate simple ratios 
consistently 
Unable to calculate simple ratios 
consistently 
U02a 72 3cm and 2cm Explicitly stated or from the 
drawing 
Unable to calculate simple ratios 
consistently 
Unable to calculate simple ratios 
consistently 
U02a 73 2cm wide and length given as any other 
number not given above Explicitly stated or 
from the drawing 
Unable to calculate simple ratios 
consistently 
Unable to calculate simple ratios 
consistently 
U02a 74 9cm long and width given as any other 
number not given above Explicitly stated or 
from the drawing 
Unable to calculate simple ratios 
consistently 
Unable to calculate simple ratios 
consistently 
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U02a 79 Other incorrect Unable to calculate simple ratios Unable to calculate simple ratios 
U02b 20 3:4, 3/4 or equivalent The areas are 18 and 
24 square cm. Or the ratio is is consistent 
with given rectangle the student's draw 
response to part a 
Able to calculate simple ratios of areas Able to calculate simple ratios 
U02b 21 The ratio is not 3:4 but answer is consistent 
with response to part a 
Able to calculate simple ratios of areas Able to calculate simple ratios 
U02b 10 4:3 or equivalent The areas are 18 and 24 
square cm 
Able to calculate simple ratios of areas Able to calculate simple ratios 
U02b 11 An incorrect ratio or no ratio given The 
areas are 18 and 24 square cm 
Able to calculate areas Able to calculate areas 
U02b 12 The difference (6) is given instead of a ratio 
The areas are 18 and 24 square cm 
Able to calculate areas Able to calculate areas 
U02b 13 The areas are not 18 and 24 square cm but 
are consistent with the answer to part a No 
ratio or an incorrect ratio is given 
Able to calculate areas Able to calculate areas 
U02b 14 The areas are not 18 and 24 square cm but 
are consistent with the answer to part a   
A difference consistent with those areas is 
given 
Uses difference in place of a ratio, but is 
able to calculate areas 
Does not understand the ratio 
U02b 70 Focuses exclusively on the ratios of the 
lengths and widths between the given and 
new rectangles  
No areas shown 
Does not understand area Does not understand area 
U02b 79 Other incorrect Does not understand ratio or area Does not understand ratio 
V01 10 Number within the interval 165≤X≤170 Understands rounding Understands rounding 
V01 11 170 Understands rounding Understands rounding 
V01 12 Number within the interval 170≤X≤175 Understands rounding Understands rounding 
V01 13 Two or more numbers within the interval 
165≤X≤170 
Understands rounding Understands rounding 
V01 70 Number within the interval 175≤X≤180 Does not understand rounding Does not understand rounding 
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V01 71 150 or 200 Does not understand rounding Does not understand rounding 
V01 72 160 or 180 Adds or subtracts 'rounding to nearest' 
figure 
Does not understand rounding 
V01 73 Result of converting 170kg to other units Does not understand rounding Does not understand rounding 
V01 79 Other incorrect Does not understand rounding Does not understand rounding 
V02 30 Building A: Correct calculation of rent for 
both buildings 9600 yearly/800 monthly and 
9900yearly/825 monthly; or 825 to compare 
with 800 given 
Complete solution to a multi-step problem Able to give a complete solution to a multi-
step problem 
V02 39 Other correct Complete solution to a multi-step problem Able to give a complete solution to a multi-
step problem 
V02 20 Building A: Correct calculation of rent for 
building A or B but not both 
Able to give a partly correct solution to a 
multi-step problem 
Able to solve part of a multi-step problem 
V02 21 Building B or building is not named Correct 
calculation of rents for both buildings 
Able to calculate the solution to a multi-step 
problem but not explain it 
Able to solve part of a multi-step problem 
V02 10 Building A: Calculations or explanations are 
incorrect or inadequate 
Unable to solve a multi-step problem Unable to solve and explain a multi-step 
problem 
V02 11 Building A: No work shown Unable to solve a multi-step problem Unable to solve and explain a solution to a 
multi-step problem 
V02 12 Building B or building is not named Correct 
calculations of rent for either building but 
not both 
Unable to solve and explain a multi-step 
problem 
Unable to solve and explain a solution to a 
multi-step problem 
V02 13 Building A: explanation is given only in the 
form of extracts from the advertisements 
Unable to solve and explain a multi-step 
problem 
Unable to solve and explain a solution to a 
multi-step problem 
V02 19 Other minimal response Unable to solve and explain a multi-step 
problem 
Unable to solve and explain a solution to a 
multi-step problem 
V02 70 Building B: Incorrect or inadequate 
calculations 
Unable to solve a multi-step problem Unable to solve a multi-step problem 
V02 71 Building B: No work shown Unable to solve a multi-step problem Unable to solve a multi-step problem 
V02 79 Other incorrect Unable to solve a multi-step problem Unable to solve a multi-step problem 
V03 A 5/2 Misreads 'total' as the amount of either Unable to construct a correct ratio Unable to construct a correct ratio 
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blue or yellow 
V03 B 9/4 Reverses the ratio elements Misunderstands the problem Unable to construct a correct ratio 
V03 C 5/4 A part-to-part ratio Unable to construct a correct ratio Unable to construct a correct ratio 
V03 D 5/9 Correct ratio constructed Able to construct a ratio Able to construct a ratio 
 
V04a 10 24 Correctly calculates the area of a 
trapezium 
Able to calculate areas of trapezia Able to calculate areas 
V04a 70 10 The given length Confuses length and area Confuses length and area 
V04a 71 18 No understanding of area calculation No understanding of area calculation 
V04a 72 26 Uses the perimeter of the rectangle Confuses area and perimeter Confuses area and perimeter 
V04b 73 30 Length by width of rectangle not 
trapezium 
Able to calculate area by LxW Lack of conceptual understanding of area 
measure 
V04b 74 60 Calculates with some iof the given 
numbers 
No understanding of area calculation No understanding of area calculation 
V04b 79 Other incorrect No understanding of area calculation No understanding of area calculation 
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Population 1 items 
Item Number % Correct Difficulty (logits) 
Error 
(logits) 
Mean Square 
Fit 
A01 79.78 -1.345 0.022 1.03 
A02 51.47 0.218 0.018 1.08 
A03 58.61 -0.131 0.018 1.01 
A04 78.33 1.242 0.022 0.95 
A05 79.29 1.307 0.022 1.06 
B05 60.66 0.233 0.026 0.99 
B06 48.9B 0.343 0.026 1.13 
B07 40.52 0.761 0.026 1.06 
B08 62.03 1.511 0.033 0.94 
B09 56.66 -0.029 0.026 0.99 
C01 80.44 -1.401 0.037 0.89 
C02 64.79 -0.448 0.031 0.96 
C03 48.67 0..350 0.030 0.99 
C04 75.19 1.040 0.034 0.90 
D05 74.81 -1.007 0.034 0.93 
D06 51.73 0.213 0.030 1.09 
D07 83.41 -1.609 0.039 0.94 
D08 55.56 0.031 0.030 0.99 
D09 47.92 0.405 0.030 1.01 
E01 63.28 -0.373 0.031 0.98 
E02 71.25 -0.807 0.033 0.90 
E03 59.54 -0.177 0.031 0.96 
E04 31.98 1.216 0.032 1.10 
F05 66.02 -0.515 0.031 0.97 
F06 59.11 -0.161 0.030 1.09 
F07 59.70 -0.189 0.030 0.99 
F08 60.39 -0.223 0.030 1.04 
F09 68.81 -0.662 0.032 1.03 
G0I 36.33 0.987 0.032 1.07 
G02 69.83 -0.707 0.033 1.06 
G03 87.36 -1.990 0.044 0.93 
G04 47.83 0.414 0.030 1.01 
H05 45.99 0.464 0.030 1.15 
H06 48.51 0.345 0.030 1.06 
H07 66.08 -0..518 0.031 1.01 
H08 64.29 -0.422 0.031 0.99 
H09 65.11 -0.464 0.031 1.00 
I01 49.79 0.306 0.051 1.01 
I02 31.47 1.239 0.055 1.07 
I03 53.68 0.118 0.051 1.03 
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Item Number % Correct Difficulty (logits) 
Error 
(logits) 
Mean Square 
Fit 
I04 81.33 -1.461  0.064 0.90 
I05 46.26 0.4BO 0.051 0.98 
I06 69.4B -0.697 0.055 0.97 
I07 54.36 0.086 0.051 0.89 
I08 49.30 0.334 0.051 1.17 
I09 61.09 -0.247 0.052 1.00 
J01 84.45 -1.768 0.069 0.94 
J02 60.41 -0.237 0.05 1.1 
J03 68.34 -0.698 0.067 0.85 
J04 39.36 0.831 0.054 0.97 
J05 36.31 0.966 0.056 1.05 
J06 66.54 -0.555 0.055 1.08 
J07 53.73 0.112 0.053 0.97 
J08 44.28 0.588 0.05I3 0.99 
J09 71.34 -0.817 O.058 0.99 
K01 62.17 -0.287 0.054 1.07 
K02 77.13 -1.147 0.061 0.98 
K03 45.38 0.560 0.053 0.98 
K04 44.88 O.628 0.054 0.93 
K05 73.81 -0.928 0.059 1.07 
K06 58.18 -0.069 0.053 0.99 
K07 22.60 1.848 0.062 1.18 
K08 68.83 -0.629 0.058 0.91 
K09 35.43 1.088 0.055 1.04 
L01 42.16 0.699 0.053 0.85 
L02 45.95 0.515 0.052 1.01 
L03 83.84 -1.638 0.070 0.97 
L04 66.7 -0.512 0.055 0.94 
L05 38.61 0.886 0.053 1.07 
L06 47.39 0.423 0.053 1.06 
L07 41.25 0.755 0.053 0.89 
L08 28.13 1.459 0.058 0.96 
L09 59.68 -0.144 0.053 1.02 
M01 73.32 -0.905 0.057 1.04 
M02 47.21 0.415 0.051 0.91 
M03 58.71 -0.133 0.052 1.03 
M04 36.33 0.953 0.053 1.01 
M05 36.95 0.923 0.053 1.13 
M06 65.46 -0.463 0.054 0.95 
M07 36.86 0.934 0.053 1.15 
M08 84.54 -1.664 0.069 0.92 
M09 65.75 -0.472 0.054 0.93 
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Item Number % Correct Difficulty (logits) 
Error 
(logits) 
Mean Square 
Fit 
S01 43.32 0.600 0.024 1.01 
S02 59.06 -0.066 0.04 0.96 
S03 28.45 1.28 0.03 0.95 
S04 48.87 0.496 0.040 0.91 
S05 52.06 0.380 0.040 1.08 
T01a 70.92 -0.734 0.042 0.85 
T01b 40.55 0.76O 0.025 0.94 
T02 41.17 0.827 0.039 0.94 
T03 45.96 0.601 0.039 0.92 
T04a 18.23 2.231 0.050 0.91 
T04b 12.4 2.771 0.059 0.89 
T05 62.45 -0.179 0.041 0.99 
U01 53.37 0.209 0.023 1.19 
U02 51.20 0.300 0.038 1.10 
U03a 58.47 -0.035 0.039 0.84 
U03b 40.16 0.877 0.039 0.83 
U03c 75.75 -0.975 0.044 0.98 
U04 54.71 0.167 0.039 0.94 
U05 80.43 -1.277 0.048 0.95 
V01 37.74 0.872 0.026 1.04 
V02 41.97 0.711 0.038 0.87 
V03 60.86 -0.188 0.039 0.88 
V04a 49.26 0.390 0.030 1.16 
V04b 45.39 0.578 0.039 0.90 
V05 47.29 0.515 0.039 0.99 
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Population 2 items 
Item Number % Correct 
Difficulty  
(logits) 
Error  
(logits) 
Mean Square Fit 
A01 56.91 -0.127 0.015 0.87 
A02 74.91 -1.120 0.017 1.02 
A03 61.57 -0.359 0.015 0.97 
A04 53.16 0.062 0.015 1.03 
A05 58.68 -0.217 0.015 1.07 
A06 76.54 -1.225 0.017 1.05 
B07 62.71 -0.421 0.022 1.01 
B08 68.82 -0.754 0.022 1.16 
B09 57.46 -0.148 0.021 1.08 
B10 49.42 0.258 0.021 -0.85 
B11 63.32 -0.451 0.022 0.95 
B12 64.17 -0.496 0.022 0.91 
C01 57.57 -0.158 0.024 0.96 
C02 76.21 -1.196 0.027 0.95 
C03 60.61 -0.313 0.024 0.94 
C04 54.28 0.009 0.024 1.14 
C05 52.81 0.082 0.024 1.02 
C06 71.13 -0.883 0.026 1.03 
D07 60.97 -0.345 0.024 1.02 
D08 66.00 -0.610 0.025 1.02 
D09 66.71 -0.649 0.025 0.86 
D10 44.27 0.499 0.024 1.16 
D11 85.38 -1.906 0.032 1.02 
D12 72.15 -0.957 0.026 1.04 
E01 69.15 -0.791 0.026 1.00 
E02 44.32 0.492 0.024 0.99 
E03 56.01 -0.096 0.024 1.00 
E04 65.56 -0.590 0.025 0.95 
E05 53.02 0.056 0.024 0.97 
E06 40.45 0.693 0.024 0.95 
F07 30.47 1.243 0.026 1.03 
F08 59.57 -0.253 0.024 1.15 
F09 65.21 -0.546 0.025 0.99 
F10 53.52 0.052 0.024 1.01 
F11 45.83 0.444 0.024 0.89 
F12 54.44 0.007 0.024 1.07 
G01 52.92 0.072 0.024 1.15 
G02 75.98 -1.192 0.027 0.98 
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Item Number % Correct 
Difficulty  
(logits) 
Error  
(logits) 
Mean Square Fit 
G03 49.70 0.234 0.024 1.02 
G04 67.44 -0.682 0.025 0.95 
G05 58.37 -0.202 0.024 0.94 
G06 40.82 0.686 0.025 1.01 
H07 66.37 -0.613 0.025 1.04 
H08 73.84 -1.046 0.027 0.92 
H09 84.75 -1.837 0.032 0.96 
H10 43.57 0.559 0.024 0.97 
H11 80.51 -0.297 0.025 0.97 
H12 73.11 -0.996 0.027 0.94 
I01 34.71 1.008 0.044 1.09 
I02 55.64 -0.070 0.042 0.94 
I03 39.73 0.738 0.043 1.16 
I04 42.43 0.597 0.042 1.03 
I05 72.54 -0.981 0.046 0.95 
I06 76.29 -1.217 0.048 1.09 
I07 63.30 -0.464 0.043 1.13 
I08 41.14 0.666 0.043 1.12 
I09 64.28 -0.516 0.043 0.94 
J10 40.86 0.661 0.042 0.87 
J11 45.62 0.405 0.042 1.08 
J12 41.62 0.624 0.042 1.03 
J13 81.69 -1.576 0.051 0.99 
J14 43.38 0.536 0.041 1.02 
J15 63.91 -0.486 0.042 1.07 
J16 51.74 0.126 0.041 0.98 
J17 65.84 -0.585 0.043 1.01 
J18 41.57 0.631 0.042 1.18 
K01 68.80 -0.804 0.044 1.05 
K02 64.16 -0.549 0.042 0.98 
K03 65.93 -0.644 0.043 1.08 
K04 38.35 0.772 0.042 1.12 
K05 36.87 0.851 0.043 0.79 
K06 38.94 0.741 0.042 1.08 
K07 50.59 0.147 0.041 1.03 
K08 31.78 1.134 0.044 1.05 
K09 47.63 0.297 0.041 0.90 
L08 57.75 -0.168 0.042 1.10 
L09 84.35 -1.805 0.055 0.98 
L10 86.76 -2.024 0.059 1.00 
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Item Number % Correct 
Difficulty  
(logits) 
Error  
(logits) 
Mean Square Fit 
L11 32.20 1.146 0.044 1.24 
L12 72.71 -0.976 0.046 0.93 
L13 89.66 -2.332 0.065 0.98 
L14 22.72 1.735 0.049 1.08 
L15 35.75 0.959 0.044 1.02 
L16 37.48 0.868 0.043 0.93 
L17 47.14 0.379 0.043 0.92 
M01 85.56 -1.887 0.057 0.95 
M02 62.91 -0.410 0.043 1.13 
M03 75.69 -1.142 0.048 0.97 
M04 37.77 0.868 0.043 0.87 
M05 48.48 0.316 0.042 1.07 
M06 33.80 1.084 0.044 0.90 
M07 71.45 -0.878 0.046 1.01 
M08 46.44 0.427 0.042 1.10 
N11 82.20 -1.600 0.053 0.94 
N12 65.04 -0.522 0.044 1.10 
N13 46.27 0.439 0.042 0.90 
N14 66.43 -0.593 0.044 0.96 
N15 64.56 -0.492 0.044 1.19 
N16 45.59 0.482 0.043 1.19 
N17 38.56 0.819 0.044 1.22 
N18 54.31 0.048 0.042 0.99 
N19 50.32 0.253 0.042 0.79 
O01 55.22 -0.015 0.042 0.98 
O02 25.81 1.589 0.047 0.92 
O03 45.33 0.489 0.042 0.99 
O04 44.16 0.555 0.043 1.08 
O05 43.91 0.562 0.042 0.85 
O06 69.78 -0.793 0.045 0.95 
O07 68.04 -0.694 0.044 1.01 
O08 66.28 -0.595 0.044 1.02 
O09 47.46 0.383 0.042 0.84 
P08 54.94 -0.005 0.043 0.98 
P09 37.34 0.895 0.044 1.16 
P10 54.12 0.037 0.043 0.96 
P11 53.96 0.044 0.043 1.15 
P12 70.17 -0.809 0.046 1.00 
P13 67.12 -0.636 0.045 0.95 
P14 77.60 -1.262 0.050 0.99 
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Item Number % Correct 
Difficulty  
(logits) 
Error  
(logits) 
Mean Square Fit 
P15 62.78 -0.401 0.044 0.98 
P16 33.57 1.110 0.045 0.90 
P17 84.89 -1.798 0.057 1.06 
Q01 41.81 0.651 0.043 1.07 
Q02 47.70 0.353 0.043 1.09 I 
Q03 33.43 1.104 0.045 1.05 
Q04 84.35 -1.777 0.056 1.01 
Q05 65.42 -0.549 0.044 1.03 
Q06 38.88 0.810 0.044 1.01 
Q07 58.76 -0.199 0.043 0.96 
Q08 43.81 0.556 0.043 0.86 
Q09 50.09 0.238 0.043 0.99 
Q10 43.80 0.560 0.043 1.00 
R06 74.80 -1.098 0.047 1.01 
R07 44.34 0.516 0.043 0.99 
R08 48.38 0.312 0.042 1.10 
R09 40.14 0.734 0.043 0.94 
R10 51 .49 0.155 0.042 1.02 
R11 44.05 0.529 0.043 1.04 
R12 86.19 -1.954 0.058 0.95 
R13 32.13 1.167 0.045 0.91 
R14 37.08 0.892 0.044 0.82 
S01a 77.48 -1.273 0.049 1.05 
S01b 23.80 1.722 0.050 0.97 
S02a 65.04 -0.421 0.046 0.92 
S02b 30.31 1.420 0.050 0.82 
S02c 28.33 1.590 0.053 0.90 
T01a 31.90 0.915 0.019 1.01 
T01b 35.84 1.047 0.033 0.79 
T02a 23.41 1.799 0.037 0.88 
T02b 9.90 3.076 0.055 1.00 
U01a 34.45 1.045 0.031 0.96 
U01b 33.66 1.132 0.032 0.99 
U02a 37.10 0.778 0.020 1.13 
U02b 20.65 1.745 0.026 0.95 
V01 52.67 0.110 0.030 0.91 
V02 27.11 1.113 0.017 1.17 
V03 40.75 0.732 0.031 0.95 
V04 39.26 0.813 0.031 0.90 
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Student background variables  
Variable Definition Values 
IDPOP TIMSS Population 1=Primary (Years 3 and 4) 
2=Secondary (Years 7 and 8) 
IDSTUD Unique student 
identification number 
School and class ID codes plus a two-digit 
student in class sequence number 
IDGRADE Student grade level 3. 4. 7. 8 
ITSEX Student sex 1=girl 
2=boy 
Student response variables Population 1 
Variable Item number Description 
ASMMI01 I01 Map of city blocks 
ASMMI02 I02 0.4 is the same as? 
ASMMI03 I03 Which number is it? 
ASMMI04 I04 What is 3 times 23? 
ASMMI05 I05 Sauce from 15 tomatoes 
ASMMI06 I06 Which figure made with straight sides? 
ASMMI07 I07 Number sentence for pages remaining 
ASMMI08 I08 Which 2 figures represent same fraction? 
ASMMI09 I09 Subtraction of four-digit numbers 
ASMMJ01 J01 Shapes in hexagon 
ASMMJ02 J02 Which does not show line of symmetry? 
ASMMJ03 J03 What % of time in play and homework? 
ASMMJ04 J04 What is the increase in product? 
ASMMJ05 J05 Operation to get B from A 
ASMMJ06 J06 Choose largest mass 
ASMMJ07 J07 Fraction of figure shaded 
ASMMJ08 J08 Which is best estimate of hours? 
ASMMJ09 J09 Number in box 
ASMMK01 K01 Which number in square but not in triangle? 
ASMMK02 K02 Addition of four-digit numbers 
ASMMK03 K03 Multiply by five 
ASMMK04 K04 Who won and by how many points? 
ASMMK05 K05 Estimate pencil length 
ASMMK06 K06 Pattern of tiles 
ASMMK07 K07 Length of rectangle 
ASMMK08 K08 Rectangle not divided into four parts 
ASMMK09 K09 How many marbles in two bags? 
ASSML01 L01 Pictograph of trees 
ASMML02 L02 Chance of picking red marble 
ASMML03 L03 Objects on game board grid 
ASMML04 L04 Shapes in a pattern 
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Variable Item number Description 
ASMML05 L05 Edges of cube 
ASMML06 L06 Best estimate of clothes-pin mass 
ASMML07 L07 Which pair different by 100? 
ASMML08 L08 Who had the longest pace? 
ASMML09 L09 True statement of ages 
ASMMM01 M01 Chance of hitting shaded region 
ASSMM02 M02 How many raffle tickets? 
ASMMM03 M03 Equivalent operation 
ASSMM04 M04 Co-ordinates of dot on grid 
ASMMM05 M05 Decimal representing shaded part of figure 
ASMMM06 M06 What to do to correct mistake? 
ASMMM07 M07 Substance measured in millilitres 
ASMMM08 M08 Choose largest number 
ASMMM09 M09 Make number sentence true 
ASEMS01 S01 Bar graphs of boys' and girls' ages 
ASSMS02 S02 Complete number sentence 
ASEMS03 S03 Longest box on shelf 
ASSMS04 S04 How many pupils in class? 
ASSMS05 S05 How many paper clip lengths? 
ASEMT01A T01A Bar graph: cartons sold Monday 
ASEMT01B T01B Bar graph: cartons sold for week 
ASSMT02 T02 Make smallest whole number 
ASSMT03 T03 When did Mr. Brown start his walk? 
ASEMT04A T04A Girl/boy ratio: Is Juanita right? 
ASEMT04B T04B Girl/boy ratio: Is Amanda right? 
ASSMT05 T05 Cut-out shape 
ASEMU01 U01 Triangles in figure 
ASSMU02 U02 Fraction larger than 2/7 
ASEMU03A U03A Bicycle ride: How long for Maria? 
ASEMU03B U03B Bicycle ride: How long for Louisa? 
ASEMU03C U03C Bicycle ride: Who arrived first? 
ASSMU04 U04 Next number in pattern 
ASSMU05 U05 Addition/multiplication task 
ASEMV01 V01 Fractions of pie 
ASSMV02 V02 Number larger than 56 821 
ASSMV03 V03 What is 5 less than 203? 
ASEMV04A V04A Game with cards: who won? Explain 
ASEMV04B V04B Game with cards: winning numbers 
ASSMV05 V05 Millimetres in a metre 
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Student response variables Population 2 
Variable Item number Description 
BSMMI01 I01 What does N stand for? 
BSMMI02 I02 People boarding bus 
BSMMI03 I03 Number of bottles filled 
BSSMI04 I04 Number sequence 
BSMMI05 I05 Discus throwing competition 
BSSMI06 I06 Fraction larger than 2/7  
BSMMI07 I07 Use of estimates 
BSMMI08 I08 Point on a line 
BSMMI09 I09 Colour of card drawn from bag 
BSMMJ10 J10 Area of paper uncovered 
BSMMJ11 J11 Properties of parallelograms 
BSMMJ12 J12 Dividing fractions 
BSMMJ13 J13 Number of students per grade 
BSMMJ14 J14 Divide 24.56 by 0.004 
BSMMJ15 J15 Which two triangles are similar? 
BSMMJ16 J16 Likely coordinates of P 
BSMMJ17 J17 Distance on map 
BSMMJ18 J18 Number missing from table 
BSMMK01 K01 Shaded circles 
BSMMK02 K02 Chemist mixes solution 
BSMMK03 K03 Rotated 3-dimensional figure 
BSMMK04 K04 x/2 < 7 is equivalent to … 
BSMMK05 K05 Area of a rectangle 
BSMMK06 K06 Amount of students at Beaton High School 
BSMMK07 K07 Number of blue pens in drawer? 
BSMMK08 K08 Congruent triangles 
BSMMK09 K09 Adding fractions 
BSMML08 L08 Height of tree 
BSMML09 L09 Which is right number?  
BSMML10 L10 Total distance travelled by ball 
BSMML11 L11 Who had the longest pace? 
BSMML12 L12 Shapes in a pattern 
BSMML13 L13 Missing values in proportionality table 
BSMML13 L13 Measure of remaining angle 
BSMML15 L15 Highest temperature on chart 
BSMML16 L16 Solve for x 
BSMML17 L17 Subtracting fractions 
BSSMM01 M01 Weight shown on the scale 
BSMMM02 M02 Lines of symmetry 
BSSMM03 M03 Chance of picking red marble 
BSMMM04 M04 Largest fraction 
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Variable Item number Description 
BSMMN05 M05 Half-turn of shaded figure 
BSMMN06 M06 Number of girls in class 
BSSMM07 M07 Measure of angle BCD 
BSMMM08 M08 Decimal multiplication 
BSMMM09 M09 Which is the right graph? 
BSMMN11 N11 Actual number of trees planted 
BSMMN12 N12 Location of point on a line 
BSMMN13 N13 Substitute for x 
BSSMN14 N14 List of equivalent fractions 
BSMMN15 N15 Angle closest to 30° 
BSMMN16 N16 Number of marbles in bag 
BSMMN17 N17 Rate of fuel consumption 
BSMMN16 N18 Probability of even numbered chip 
BSMMN19 N19 Shade units on grid 
BSSMO01 O01 Speed of car from graph 
BSMMO02 O02 Percent increase in price 
BSMMO03 O03 Angles that add to 180° 
BSMMO04 O04 Number rounded to hundredth 
BSMMO05 O05 Number of red faces 
BSMMO06 O06 Time to take cake out of oven 
BSMMO07 O07 Solve for x 
BSMMO08 O08 Rotated triangle 
BSMMO09 O09 Times Luis runs through course 
BSMMP08 P08 Ratio of side length to perimeter 
BSMMP09 P09 Similar triangles 
BSSMP10 P10 Equivalent algebraic expressions 
BSMMP11 P11 Approximate length of pencil 
BSMMP12 P12 Estimate number of cabbages 
BSMMP13 P13 Heart beats per hour 
BSMMP14 P14 Fraction of cake left 
BSMMP15 P15 Equivalent algebraic expression 
BSMMP16 P16 Decimal. as a fraction in lowest terms 
BSMMP17 P17 Temperature on table and thermometers 
BSMMQ01 Q01 Expression representing number of hats 
BSMMQ02 Q02 Subtraction of algebraic expressions 
BSMMQ03 Q03 Longest time 
BSMMQ04 Q04 Heights of four girls on graph 
BSMMQ05 Q05 More boys or girls in class 
BSMMQ06 Q06 How many litres of water? 
BSMMQ07 Q07 Solve for W 
BSMMQ08 Q08 Numbers from smallest to largest. 
BSMMQ09 Q09 Fraction addition and multiplication 
BSMMQ10 Q10 Measure of angle 
BSSMR06 R06 2.201 – 0.753 = ? 
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Variable Item number Description 
BSSMR07 R07 Thickness of sheet of paper 
BSEMR08 R08 Distance car will travel 
BSEMR09 R09 False algebraic expression 
BSEMR10 R10 Triangles in trapezium 
BSEMR11 R11 Number of students with two pencils 
BSEMR12 R12 6000 – 2369 = ? 
BSEMR13 R13 Money left 
BSEMR14 R14 Amount Sue paid 
BSEMS01A S01A Sequence of triangles (a) 
BSEMS01B S01B Sequence of triangle (b) 
BSEMS02B S02B Length of side of square 
BSEMS02A S02A Area of square 
BSEMS02C S02C Perimeter of figure 
BSEMT01A T01A Weight of apples (a) 
BSSMT01B T01B Weight of apples (b) 
BSEMT02A T02A Larger pattern out of two smaller patterns (a) 
BSMMT02B T02B Larger pattern out of two smaller patterns (b) 
BSMMU01A U01A Total time for songs to play (a) 
BSMMU01B U01B Total time for songs to play (b) 
BSMMU02A U02A New rectangle (a) 
BSMMU02B U02B New rectangle (b) 
BSMMV01 V01 Actual weight of dolphin 
BSSMV02 V02 Price of renting office space 
BSMMV03 V03 Ratio of red paint to total amount of paint 
BSSM V04 V04 Area of parallelogram 
 (Gonzalez & Smith. 1997)
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Population 1 
Item 
number Description 
Difficulty 
estimate 
(logit) 
I01 Map of city blocks 0.080 
I02 0.4 is the same as? 0.754 
I03 Which number is it? 0.314 
I04 What is 3 times 23? -1.397 
I05 Sauce from 15 tomatoes 0.147 
I06 Which figure made with straight sides? -1.404 
I07 Number sentence for pages remaining 0.027 
I08 Which 2 figures represent same fraction? 0.488 
I09 Subtraction of four-digit numbers 1.236 
J01 Shapes in hexagon -0.832 
J02 Which does not show line of symmetry? -0.801 
J03 What % of time in play and homework? 0.678 
J04 What is the increase in product? 0.984 
J05 Operation to get B from A -0.646 
J06 Choose largest mass -0.410 
J07 Fraction of figure shaded 0.226 
J08 Which is best estimate of hours? -1.286 
J09 Number in box -0.668 
K01 Which number in square but not in triangle? -0.761 
K02 Addition of four-digit numbers 0.305 
K03 Multiply by five 0.279 
K04 Who won and by how many points? -0.748 
K05 Estimate pencil length -0.125 
K06 Pattern of tiles -1.151 
K07 Length of rectangle 0.254 
K08 Rectangle not divided into four parts 0.948 
K09 How many marbles in two bags? -0.267 
L01 Pictograph of trees 0.306 
L02 Chance of picking red marble -0.616 
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Item 
number Description 
Difficulty 
estimate 
(logit) 
L03 Objects on game board grid 0.254 
L04 Shapes in a pattern -0.337 
L05 Edges of cube 0.554 
L06 Best estimate of clothes-pin mass -0.476 
L07 Which pair different by 100? -1.006 
L08 Who had the longest pace? 0.419 
L09 True statement of ages 0.398 
M01 Chance of hitting shaded region -0.813 
M02 How many raffle tickets? 0.018 
M03 Equivalent operation 0.933 
M04 Co-ordinates of dot on grid -0.596 
M05 Decimal representing shaded part of figure 0.690 
M06 What to do to correct mistake? -1.645 
M07 Substance measured in millilitres -0.198 
M08 Choose largest number -0.475 
M09 Make number sentence true 0.028 
S01 Bar graphs of boys' and girls' ages 0.841 
S02 Complete number sentence -0.012 
S03 Longest box on shelf -0.234 
S04 How many pupils in class? -1.556 
S05 How many paper clip lengths? -0.117 
T01A Bar graph: cartons sold Monday -0.127 
T01B Bar graph: cartons sold for week -0.151 
T02 Make smallest whole number 0.945 
T03 When did Mr. Brown start his walk? 1.606 
T04A Girl/boy ratio: Is Juanita right? -0.958 
T04B Girl/boy ratio: Is Amanda right? -0.233 
T05 Cut-out shape -0.431 
U01 Triangles in figure 0.412 
U02 Fraction larger than 2/7 0.090 
U03A Bicycle ride: How long for Maria? -1.366 
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number Description 
Difficulty 
estimate 
(logit) 
U03B Bicycle ride: How long for Louisa? -0.609 
U03C Bicycle ride: Who arrived first? -0.638 
U04 Next number in pattern 0.308 
U05 Addition/multiplication task 0.296 
V01 Fractions of pie -0.600 
V02 Number larger than 56 821 -1.484 
V03 What is 5 less than 203? 0.096 
V04A Game with cards: who won? Explain 0.086 
V04B Game with cards: winning numbers 0.855 
V05 Millimetres in a metre -0.275 
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Population 2 
Item 
number Description 
Difficulty 
estimate 
(logit) 
I01 What does N stand for? 0.518 
I02 People boarding bus 0.351 
I03 Number of bottles filled -0.631 
I04 Number sequence -0.898 
I05 Discus throwing competition 0.305 
I06 Fraction larger than 2/7  0.090 
I07 Use of estimates -0.797 
I08 Point on a line 0.498 
I09 Colour of card drawn from bag 0.459 
J10 Area of paper uncovered 1.203 
J11 Properties of parallelograms 1.581 
J12 Dividing fractions -0.726 
J13 Number of students per grade -0.218 
J14 Divide 24.56 by 0.004 -0.637 
J15 Which two triangles are similar? 0.187 
J16 Likely coordinates of P -0.626 
J17 Distance on map -0.741 
J18 Number missing from table -0.792 
K01 Shaded circles 0.642 
K02 Chemist mixes solution 0.471 
K03 Rotated 3-dimensional figure 0.392 
K04 x/2 < 7 is equivalent to… 0.001 
K05 Area of a rectangle 1.026 
K06 Amount of students at Beaton High School 0.859 
K07 Number of blue pens in drawer? -0.206 
K08 Congruent triangles -1.425 
K09 Adding fractions 1.061 
L08 Height of tree 1.742 
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number Description 
Difficulty 
estimate 
(logit) 
L09 Which is right number?  0.715 
L10 Total distance travelled by ball 0.900 
L11 Who had the longest pace? 0.501 
L12 Who had the longest pace? 0.419 
L13 Missing values in proportionality table -0.337 
L14 Measure of remaining angle -0.594 
L15 Highest temperature on chart 0.639 
L16 Solve for x 0.617 
L17 Subtracting fractions 0.280 
M01 Weight shown on the scale -0.802 
M02 Lines of symmetry 1.336 
M03 Chance of picking red marble -0.616 
M04 Largest fraction -0.543 
M05 Half-turn of shaded figure -0.051 
M06 Number of girls in class -0.425 
M07 Measure of angle BCD -0.092 
M08 Decimal multiplication 0.581 
N11 Actual number of trees planted 0.892 
N12 Location of point on a line -0.548 
N13 Substitute for x -0.073 
N14 List of equivalent fractions -0.549 
N15 Angle closest to 30° 1.446 
N16 Number of marbles in bag 0.368 
N17 Rate of fuel consumption 0.563 
N18 Probability of even numbered chip 0.176 
N19 Shade units on grid -1.149 
O01 Speed of car from graph -0.662 
O02 Percent increase in price -0.623 
O03 Angles that add to 180° -0.381 
O04 Number rounded to hundredth -0.101 
O05 Number of red faces 0.948 
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number Description 
Difficulty 
estimate 
(logit) 
O06 Time to take cake out of oven -0.083 
O07 Solve for x 0.240 
O08 Rotated triangle -0.922 
O09 Times Luis runs through course -0.320 
P08 Ratio of side length to perimeter -1.540 
P09 Similar triangles -0.575 
P10 Equivalent algebraic expressions 0.407 
P11 Approximate length of pencil -0.722 
P12 Estimate number of cabbages 0.643 
P13 Heart beats per hour 0.474 
P14 Fraction of cake left 0.981 
P15 Equivalent algebraic expression -1.782 
P16 Decimal. as a fraction in lowest terms -0.740 
P17 Temperature on table and thermometers 0.329 
Q01 Expression representing number of hats -0.404 
Q02 Subtraction of algebraic expressions 0.419 
Q03 Longest time 0.716 
Q04 Heights of four girls on graph 0.262 
Q05 More boys or girls in class -0.513 
Q06 How many litres of water? 0.496 
Q07 Solve for W -0.061 
Q08 Numbers from smallest to largest. 0.997 
Q09 Fraction addition and multiplication 0.006 
Q10 Measure of angle 0.417 
R06 2.201 – 0.753 = ? 0.649 
R07 Thickness of sheet of paper 0.948 
R08 Distance car will travel -1.273 
R09 False algebraic expression 0.783 
R10 Triangles in trapezium -0.559 
R11 Number of students with two pencils 1.011 
R12 6000 – 2369 = ? 1.236 
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Difficulty 
estimate 
(logit) 
R13 Money left 0.940 
R14 Amount Sue paid 0.613 
S01A Sequence of triangles (a) 0.721 
S01B Sequence of triangle (b) 1.175 
S028 Length of side of square 0.158 
S02A Area of square 0.335 
S02C Perimeter of figure 0.582 
T01A Weight of apples (a) 0.674 
T01B Weight of apples (b) -1.395 
T02A Larger pattern out of two smaller patterns (a) -0.313 
T02B Larger pattern out of two smaller patterns (b) 0.662 
U01A Total time for songs to play (a) 0.335 
U01B Total time for songs to play (b) -0.318 
U02A New rectangle (a) 1.503 
U02B New rectangle (b) -0.612 
V01 Actual weight of dolphin -1.596 
V02 Price of renting office space 0.491 
V03 Ratio of red paint to total amount of paint -0.570 
V04 Area of parallelogram -1.043 
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The four Population1 mis-fitting items were: 
1. 1 J01: This multiple-choice item had an Infit MNSQ value of 0.72, 
indicating higher than expected discrimination. Of the total 
respondents to the item, 98 (7%) were incorrect, 1293 (93%) 
correct, and 22 685 were not administered this item. The item 
difficulty was estimated as -2.13 logits, indicating that this item 
was very easy. 
2. 1 L03: This multiple-choice item had an Infit MNSQ value of 0.73, 
indicating higher than expected discrimination. The total number 
of incorrect response to the item was 71 (5.1%), the total number 
of correct responses was 1316 (94.9%), and 18 414 students 
were not administered this item. The item difficulty was estimated 
as -2.15 logits, indicating that this item was very easy. 
3. 1 M08: This multiple-choice item had an Infit MNSQ value of 
0.71, indicating higher than expected discrimination. Of the total 
respondents to the item, 71 (5.1%) were incorrect, 1316 (94.9%) 
correct, and 18 410 were not administered this item. The item 
difficulty was estimated as -2.47 logits, indicating that this item 
was very easy. 
4. 1 T04B: This open-response item had an Infit MNSQ value of 
1.32, indicating lower than expected discrimination. The total 
number of incorrect response to the item 1694 (76.6 %), the total 
number of correct responses was 518 (23.4%), and 21864 
students were not administered this item. The item difficulty was 
estimated as 1.66 logits, indicating that this item was moderately 
difficult.  
The remaining eight mis-fitting items came from the Population 2 set of 
items.  
5. 2 J12: This open-response item had an Infit MNSQ value of 0.73, 
indicating higher than expected discrimination. The total number 
of incorrect response to the item 122 (7.8 %), the total number of 
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correct responses was 1446 (92.2%), and 22 508 students were 
not administered this item. The item difficulty was estimated as –
2.06 logits, indicating that this item was very easy. There were 
originally six categories of response, two correct and four 
incorrect. 
6. 2 J13: This open-response item had an Infit MNSQ value of 1.32, 
indicating lower than expected discrimination. The total number 
of incorrect response to the item 1164 (75.7 %), the total number 
of correct responses was 374 (24.3%), and 22 538 students were 
not administered this item. The item difficulty was estimated as 
1.63 logits, indicating that this item was moderately difficult. 
7. 2 L09: This multiple-choice item had an Infit MNSQ value of 0.72, 
indicating higher than expected discrimination. The total number 
of incorrect response to the item was 105 (6.6%), the total 
number of correct responses was 1475 (93.4%), and 22 496 
students were not administered this item. The item difficulty was 
estimated as -2.19 logits, indicating that this item was very easy. 
8. 2 L11: This multiple-choice item had an Infit MNSQ value of 1.34, 
indicating lower than expected discrimination. The total number 
of incorrect response to the item was 1153 (77.9%), the total 
number of correct responses was 327 (22.1%), and 22 596 
students were not administered this item. The item difficulty was 
estimated as 1.76 logits, indicating that this item was moderately 
difficult. 
9. 2 L17: This multiple-choice item had an Infit MNSQ value of 0.72, 
indicating higher than expected discrimination. The total number 
of incorrect response to the item was 111 (6.9%), the total 
number of correct responses was 1488 (93.1%), and 22 477 
students were not administered this item. The item difficulty was 
estimated as -2.18 logits, indicating that this item was very easy. 
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10. 2 M08: This open-response item had an Infit MNSQ value of 
1.39, indicating lower than expected discrimination. The total 
number of incorrect response to the item 1320 (85.9 %), the total 
number of correct responses was 217 (14.1%), and 22 539 
students were not administered this item. The item difficulty was 
estimated as 2.22 logits, indicating that this item was difficult. 
11. 2 Q03: This multiple-choice item had an Infit MNSQ value of 
0.75, indicating higher than expected discrimination. The total 
number of incorrect response to the item was 171 (10.7%), the 
total number of correct responses was 1433 (89.3%), and 22 472 
students were not administered this item. The item difficulty was 
estimated as –1.70 logits, indicating that this item was very easy. 
12. 2 T02A: This open-response item had an Infit MNSQ value of 
1.43, indicating lower than expected discrimination. The total 
number of incorrect response to the item 2082 (89.4 %), the total 
number of correct responses was 246 (10.6%), and 21 748 
students were not administered this item. The item difficulty was 
estimated as 2.61 logits, indicating that this item was very 
difficult.  
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Population 1 
Item  
Distractor 
or 
Category 
Itanal 
Re-coding Distractor Description Distractor Inference 
I01 A 1 Misreads given numbers Misreads the problem 
I01 B 4 Correct Understands direction and distance 
I01 C 3 Does not count starting position for E direction Miscounts steps on grid 
I01 D 2 Reverses directions 3N-2E instead of 3E-2N Problem with compass points 
I01 E 3 Does not count starting position for N direction Post-and-rails problem 
I02 A 2 Ignores decimal point Problems with place value notation for 
tenths 
I02 B 3 Correct Understands place value to tenths 
I02 C 2 Confuses tenths with hundredths Decimal place-value problem 
I02 D 1 Interprets decimal representation as vulgar fraction Misunderstands decimal notation 
I03 A 1 Finds difference smaller than 300 Misreads 'greater' as smaller 
I03 B 1 Finds difference smaller than 300 Misreads 'greater' as smaller 
I03 C 2 Finds difference smaller than 300 Smaller-from-larger 
I03 D 3 Correct Can subtract 
I04 A 2 Adds 300 to make 3-digit number No idea of multiplication 
I04 B 2 Adds 3 units to make 3-digit number No idea of multiplication 
I04 C 3 Correct Can perform simple one-digit by two-digit 
multiplication 
I04 D 1 Adds 3 Confuses addition with multiplication 
I05 A 3 Correct Solves two-step problems, involving 
multiplication and division 
I05 B 2 Two litres Guess Cannot solve two-step problem involving 
division and multiplication 
I05 C 1 Multiplies two given numbers Does not understand a two-step problem 
I05 D 1 Divides the whole numbers 15 and 5 only One-step answer to two-step problem 
I06 A 2 Mixed sides Misunderstands 'straight' definition 
I06 B 1 Misreads 'straight' sides Does not understand the question 
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Item  
Distractor 
or 
Category 
Itanal 
Re-coding Distractor Description Distractor Inference 
I06 C 2 Ignores curved corners  Misunderstands 'straight' definition 
I06 D 3 Correct Understands meaning of straight sides 
I06 E 1 Guess Does not understand the question 
I07 A 2 Adds Uses given numbers in a word problem 
I07 B 1 Misreads 'long' as 'left' Reading problem 
I07 C 2 Divides Uses given numbers in a subtraction word 
problem 
I07 D 3 Correct Discerns subtraction in a word problem 
I08 A 3 Correct Understands equivalent fractions 
I08 B 1 Guess Does not understand equivalent fractions 
I08 C 1 One white section in each Does not understand equivalent fractions 
I08 D 2 Matches by number of shaded parts Part-to-part meaning for fraction 
I09 A 1 4369 Smaller from larger Smaller from larger misconception 
I09 B 3 3742 Incorrect decomposition and error in basic subtraction fact Misunderstands decomposition algorithm 
I09 C 4 3631 Correct Can subtract two four-digit numbers 
involving zeroes 
I09 D 2 3531 Problems in decomposition of 100s Basic fact error 
J01 A 2 Correct Knows basic geometric shapes (triangle) 
J01 B 1 Selects square Does not know basic geometric shapes 
J01 C 1 Selects pentagon Does not know basic geometric shapes 
J01 D 1 Selects rectangle Does not know basic geometric shapes 
J02 A 1 Does not recognize vertical line of symmetry Does not recognize vertical line of 
symmetry 
J02 B 1 Does not recognize horizontal line of symmetry Does not recognize horizontal line of 
symmetry 
J02 C 3 Correct Understands lines of symmetry 
J02 D 2 Does not recognize oblique line of symmetry Does not recognize oblique line of 
symmetry 
J03 A 1 Reads 'homework' percentage only One cue too strong 
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Item  
Distractor 
or 
Category 
Itanal 
Re-coding Distractor Description Distractor Inference 
J03 B 1 Reads 'playing' percentage only One cue too strong 
J03 C 2 Mis-adds 15% and 10% Poor addition skills 
J03 D 3 Correct Can read a pie-graph 
J03 E 2 Mis-adds 15% and 10% Poor addition skills 
J04 A 1 Focus on multiplier differences Misunderstands the problem 
J04 B 3 Correct Understands multiplication concept 
J04 C 2 Confuses multiplier and multiplicand Misunderstands multiplication concept 
J04 D 2 Confuses multiplier and multiplicand Misunderstands multiplication concept 
J05 A 2 Confuses + and - in first row Uses first row only to generate pattern 
J05 B 1 Uses first row only Uses first row only to generate pattern 
J05 C 1 Confuses column A and B Uses first row only to generate pattern 
J05 D 3 Correct Can find rule for multiplicative pattern 
J06 A 2 Correct Understands metric unit relationships 
J06 B 1 Misunderstands metric unit relationships Misunderstands metric unit relationships 
J06 C 1 Misunderstands metric unit relationships Misunderstands metric unit relationships 
J06 D 1 Misunderstands metric unit relationships Misunderstands metric unit relationships 
J07 A 2 Uses all 'parts' to name a fraction Part-to-part problem 
J07 B 2 Uses all 'parts' to name a fraction Part-to-part problem 
J07 C 1 Miscounts shaded parts Counting problem 
J07 D 3 Correct Understands fraction concept 
J08 A 2 Rounds down to next ten for estimating Rounds down to lower ten 
J08 B 3 Uses mid-points (5) for estimating Uses mid-points as estimate 
J08 C 4 Correct Can round to nearest ten for estimate in 
addition 
J08 D 1 Misreads given numbers as sixties Reading problem 
J09 A 1 Does not understand 100 chart structure Does not understands place-value to 100 
J09 B 1 Does not understand 100 chart structure Does not understands place-value to 100 
J09 C 1 Does not understand 100 chart structure Does not understands place-value to 100 
J09 D 2 Correct Understands place-value to 100 
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Distractor 
or 
Category 
Itanal 
Re-coding Distractor Description Distractor Inference 
K01 A 2 Correct Can read a Venn diagram 
K01 B 1 Square/circle cues too strong Misreads question (misses NOT) 
K01 C 1 Triangle/circle cues too strong Misreads question 
K01 D 1 NOT cue too strong Misreads question 
K02 A 1 Does not 'carry' correctly beyond units Does not understand place value in 
addition beyond units 
K02 B 1 Does not 'carry' correctly beyond units Does not understand place value in 
addition beyond units 
K02 C 2 Correct Understands place value 
K02 D 1 Does not 'carry' correctly beyond units except in last place Does not understand place value in 
addition beyond units 
K03 A 1 Divides instead of multiplying Does not understand the question 
K03 B 1 Adds instead of multiplying Does not understand the question 
K03 C 1 Subtracts instead of multiplying Does not understand the question 
K03 D 2 Correct Understands the question 
K04 A 3 Correct Can add and subtract three-digit numbers 
K04 B 2 Subtracts final scores Can subtract three-digit numbers 
K04 C 1 Subtraction problem Cannot subtract correctly 
K04 D 1 Subtraction problem Cannot subtract correctly 
K05 A 1 Poor estimation of length Poor length estimator 
K05 B 3 Correct Good length estimator 
K05 C 2 Real pencil length Misread cue (picture of a pencil) 
K05 D 1 Poor estimation of length Poor length estimator 
K06 A 1 Uses next in sequence not 6th Misreads figure number 
K06 B 1 Uses 5th in sequence not 6th Misreads figure number 
K06 C 2 Correct Extends a multiplicative pattern 
K06 D 1 Uses 7th in sequence not 6th Misreads figure number 
K07 A 1 Confuses number of sides with length Does not understand perimeter 
K07 B 2 Correct Understands perimeter 
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Distractor 
or 
Category 
Itanal 
Re-coding Distractor Description Distractor Inference 
K07 C 1 Doesn't remember two equal sides are 12cm Does not understand perimeter 
K07 D 1 Thinks that P-W is length Does not understand perimeter 
K08 A 1 Misread NOT in question Misread NOT in question 
K08 B 1 Misread NOT in question Misread NOT in question 
K08 C 1 Misread NOT in question Misread NOT in question 
K08 D 2 Correct Correct 
K09 A 2 Multiplies two given numbers Does not understand two-step problem 
K09 B 3 Correct Understands two-step problem involving 
division and multiplication 
K09 C 1 Guess Guess 
K09 D 2 Multiplies two given numbers Does not understand two-step problem 
K09 E 2 Divides two given numbers Does not understand two-step problem 
L01 10 3 Correct Can interpret key in a pictograph 
L01 70 2 5, 6, 61/2, or 7 Cannot interpret key in a pictograph 
L01 71 2 1 Cannot interpret key in a pictograph 
L01 72 2 650 Cannot interpret key in a pictograph and 
adds two given numbers 
L01 79 1 Other incorrect  Cannot read a pictograph 
L02 A 3 Correct Able to use basic concept of probability 
L02 B 2 Selects 100 marbles Possible confusion with percentages 
L02 C 2 Selects 1000 marbles Most objects equated with greatest chance 
L02 D 1 Focuses on the one red marble Does not understand concept of probability 
L03 A 4 Correct Can read a street directory 
L03 B 3 Mis-uses D, 2 as second item in row D Confused about second axis on graph 
L03 C 2 Uses only x-axis Reads only one axis 
L03 D 1 Guess Cannot read a street directory 
L04 A 1 Misunderstands repeating part of pattern Cannot discern a pattern 
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Distractor 
or 
Category 
Itanal 
Re-coding Distractor Description Distractor Inference 
L04 B 2 One pattern element dominates thinking Cannot discern two elements of a pattern 
L04 C 3 Correct Can discern a pattern 
L04 D 1 Guess Cannot discern a pattern 
L05 A 1 Misreads 'face' for 'edge'  Reading problem 
L05 B 1 Misreads 'edge' for 'vertex' Reading problem 
L05 C 3 Correct Good understanding of edge and face 
relationship 
L05 D 2 Multiplies faces by 4 edges Understands cube is 6 squares 
L06 A 1 Incorrect 'zero' rule used for multiplication Mis-uses 'add zeroes' rule for multiplication 
L06 B 3 Correct Correct multiplication by 1000 
L06 C 2 Ignores decimal point in multiplication Cannot multiply with 999 
L06 D 2 900 000g  Cannot multiply by a 1000 
L07 A 1 Subtracts smaller from larger digits Subtracts smaller from larger digits 
L07 B 2 Confuses 100s and 10s places Place value error 
L07 C 3 Correct Understands place values 
L07 D 2 Confuses 1000s and 100s places Place value error 
L08 A 2 Confuses more steps as longer pace Scale ideas confused 
L08 B 1 Guess Poor ideas of scale 
L08 C 1 Guess Poor ideas of scale 
L08 D 3 Correct Understands scale ideas 
L09 A 3 Correct Understands simple logical relationship 
L09 B 2 Misunderstands 'older than' Reverses relationship 
L09 C 1 Guess Guess 
L09 D 1 Is not able to work out an answer Unable to solve the problem 
M01 A 1 Distracted by symmetry or orientation of spinner Misunderstands the idea of 'best' chance 
M01 B 3 Correct Understands proportion for succes 
M01 C 2 Less shaded area Confused idea of 'best' chance 
M01 D 2 Less shaded area Confused idea of 'best' chance 
M02 10 3 24 Can solve a two-step addition and 
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Distractor 
or 
Category 
Itanal 
Re-coding Distractor Description Distractor Inference 
subtraction problem 
M02 70 2 30 Zero subtraction error (0-N=0) 
M02 71 2 34 Fails to 'borrow and pay-back' correctly 
M02 72 2 36 Adds only 
M02 79 1 Other incorrect Cannot add, subtract and complete two-
step problems 
M03 A 2 Correct Understands commutative principle for 
multiplication 
M03 B 1 Equates addition and multiplication (X+7, 7*X) Equates addition and multiplication (X+7, 
7*X) 
M03 C 1 Equates subtraction and multiplication (X-7, 7*X) Equates subtraction and multiplication (X-
7, 7*X) 
M03 D 1 Equates addition and multiplication (7+X, 7*X) Equates addition and multiplication (7+X, 
7*X) 
M03 E 1 Equates addition and multiplication (X+7, 7*X) Equates addition and multiplication (X+7, 
7*X) 
M04 10 3 3 and 2 in that order Uses grid co-ordinates correctly 
M04 70 2 2 and 3 in that order Reverses grid co-ordinates 
M04 79 1 Other incorrect Cannot use co-ordinate system 
M05 A 1 Decimal record fractional parts Does not understand decimal notation 
M05 B 2 Two parts shaded means a half Does not understand vulgar fractions 
M05 C 3 Correct Correctly uses decimal notation 
M05 D 1 Numerically correct but place Value problem Does not understand some of decimal 
notation 
M06 A 3 Correct Understands place value to hundreds 
M06 B 2 Adds 2 Place value problems with hundreds 
M06 C 1 Subtracts 2 Place value problems with hundreds, poor 
logic 
M06 D 1 Numerically correct but subtracts Misunderstands logic of the problem 
M07 A 3 Correct Knows metric units 
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Distractor 
or 
Category 
Itanal 
Re-coding Distractor Description Distractor Inference 
M07 B 1 Millilitres for mass Does not know metric units 
M07 C 2 Millilitres for large volume Metric unit 'size' problem 
M07 D 1 Millilitres for length Does not know metric units 
M08 A 2 Reads only thousands and hundreds places Place value problems 
M08 B 1 Mis-reads 'largest' as 'smallest' Reading problem 
M08 C 2 Reads only tens and units places Place value problems 
M08 D 3 Correct Understands place value to thousands 
M09 A 3 Correct Can solve problems with pro-numerals 
M09 B 2 Does not understand <> symbols Does not understand <> symbols 
M09 C 1 Reads x as + Reading problem 
M09 D 2 Reads x as addition Does not understand <> symbols 
S01 20 3 Completely correct bar-graph No problems with bar-graphs 
S01 21 3 Substantially correct bar-graph Minor problems drawing a bar-graph 
S01 10 2 Partially correct bar-graph Has difficulty drawing a bar-graph 
S01 11 2 Bar-graph with correct heights only Major problems drawing a bar-graph 
S01 70 1 No bar-graph drawn Substantial problems drawing a bargraph 
S01 79 1 Other incorrect Substantial problems drawing a bar-graph 
S02 10 4 700 or seven hundred Understands place value to hundreds 
S02 70 1 7 Misunderstands the question 
S02 71 3 43 Understands part of the question to be 
addition 
S02 72 2 70 Does not understand place value 
S02 73 2 Uses digits 2739 in other ways Does not understand place value 
S02 79 1 Other incorrect Does not understand place value 
S03 20 4 Correct calculation of 96.4-333.2=63.2 Solves measurement problem 
S03 10 3 Correct answer but no working Solves measurement problem 
S03 11 2 Subtraction used but answer incorrect Partially solves measurement problem 
S03 19 2 Partially correct solution Partially solves measurement problem 
S03 70 1 Incorrect answers or method Cannot solve subtraction problem in 
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Distractor 
or 
Category 
Itanal 
Re-coding Distractor Description Distractor Inference 
measurement 
S03 79 1 Other incorrect Cannot perform measurement subtraction 
S04 10 4 30 Uses multiplication and division to solve a 
two-step problem 
S04 70 2 10 Uses number in question as the answer 
S04 71 3 15 Chooses incorrect unit for multiplication in 
solution 
S04 72 2 20 Does not understand how to solve a 
multiplicative problem 
S04 73 2 21 Does not understand how to solve a 
multiplicative problem 
S04 74 2 25 Does not understand how to solve a 
multiplicative problem 
S04 75 2 40 Does not understand how to solve a 
multiplicative problem 
S04 79 1 Other Incorrect Does not understand how to solve a 
multiplicative problem 
S05 10 4 4 Good estimation of length 
S05 11 4 5 Poor estimation of length 
S05 19 4 Within 4<X>5.5 Reasonable estimation of length 
S05 70 2 Less than 3 Poor estimation of length 
S05 71 3 Within 3<X>4 Reasonable estimation of length 
S05 72 2 Within 6.5<X>8 Very poor estimation of length 
S05 73 3 Within 5.5<X>6.6 Poor estimation of length 
S05 79 1 Other incorrect Unable to estimate length 
T01a 10 3 25 Reads the y-axis on a bar-graph correctly 
T01a 70 2 5 Interprets the y-axis on a bar-graph as a 
one-to-one scale 
T01a 79 1 Other incorrect Reads the y-axis incorrectly 
T01b 20 3 125 with calculations shown Reads the data from the y-axis and uses it 
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to solve a problem 
T01b 21 3 125 verbal explanation of correct procedure Reads the data from the y-axis and uses it 
to solve a problem 
T01b 29 3 Other correct Reads the data from the y-axis and uses it 
to solve a problem 
T01b 10 2 Addition used incorrectly Can read the y-axis 
T01b 11 2 125 but no working shown Can read the y-axis 
T01b 19 2 Other partially correct Can read the y-axis 
T01b 70 1 115 or 135 Incorrect addition Cannot add correctly 
T01b 71 1 25 Does not understand how to solve the 
problem 
T01b 79 1 Other incorrect Does not understand how to solve the 
problem 
T02 10 4 1349 Understands place value up to thousands 
T02 70 2 1, 3, 4, 9 Does not understand the question 
T02 71 2 1 The smallest of the numbers Does not understand the question 
T02 72 2 4 Counts how many numbers Does not understand the question 
T02 73 2 17 Adds the numbers Does not understand the question 
T02 74 3 Any four digit number with 1, 3, 4, 9 except 1349 Does not understand place value 
T02 75 1 13 Misunderstands the question 
T02 79 1 Other incorrect Mis-understands the question 
T03 10 3 05:30 or 5:30 Can subtract time 
T03 11 3 Correct written answer Can subtract time 
T03 70 2 04:30 and equivalents Incorrect subtraction 
T03 71 2 06:00 and equivalents Incorrect subtraction 
T03 72 2 06:30 and equivalents Incorrect subtraction 
T03 73 1 08:30 and equivalents Misunderstands question, adds 
T03 79 1 Other incorrect Cannot solve subtraction of time problems 
T04a 10 2 YES Response says that 10 is half of 20 or 20 is twice 10 Understands a ratio 
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T04a 19 2 Other correct explanations Understands a ratio 
T04a 70 1 NO Unsatisfactory explanation Does not understand ratio 
T04a 71 1 NO No explanation Does not understand ratio 
T04a 72 1 YES Unsatisfactory explanation Does not understand ratio 
T04a 73 1 YES No explanation Does not understand ratio 
T04a 79 1 Other incorrect Does not understand ratio 
T04b 10 2 NO Response says that 10 is not half of 30 Understands a ratio 
T04b 19 2 Other correct explanations Understands a ratio 
T04b 70 1 YES Unsatisfactory explanation Does not understand ratio 
T04b 71 1 YES No explanation Does not understand ratio 
T04b 72 1 NO Unsatisfactory explanation Does not understand ratio 
T04b 73 1 NO No explanation Does not understand ratio 
T04b 79 1 Other incorrect Does not understand ratio 
T05 10 2 Correct drawing Can visualize accurately 
T05 11 2 Correct drawing of remaining paper Can visualize accurately 
T05 19 2 Other correct Can visualize accurately 
T05 70 1 Incorrect fold-line visualized Cannot visualize accurately 
T05 71 1 No fold-line visualized Cannot visualize accurately 
T05 72 1 Incomplete visualization of cut-out figure Cannot visualize accurately 
T05 79 1 Other incorrect Cannot visualize accurately 
U01 20 2 14 triangles drawn Can visualize accurately 
U01 10 2 14 but incorrect triangles drawn Can visualize accurately 
U01 11 2 14 no drawing Can visualize accurately 
U01 12 2 Drawing correct but triangles miscounted Can visualize accurately 
U01 70 1 Incorrect drawing and count Cannot visualize accurately 
U01 79 1 Other incorrect Cannot visualize accurately 
U02 10 3 A fraction with numerator greater than 2 and a denominator equal to 7 Understand concept of vulgar fraction  
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U02 11 3 A fraction with numerator equal to 2 and a denominator less than 7 Understand concept of vulgar fraction  
U02 12 3 Three-eighths Understand concept of vulgar fraction  
U02 13 3 One-half. (Other fractions with numeric value equal to one-half are coded 19) Understand concept of vulgar fraction  
U02 19 3 Other correct fractions Understand concept of vulgar fraction  
U02 70 1 One-seventh Misunderstands the question 
U02 71 2 Four-fourteenths Believes doubling digits changes the value 
of a vulgar fraction 
U02 72 2 Two-eighths Ignores numerator and believes that the 
larger the denominator the larger the 
vulgar fraction 
U02 79 1 Other incorrect Does not understand the concept of vulgar 
fractions 
U03a 10 2 30 Can solve a two-step multiplicative 
problem 
U03a 70 1 10 Misreads problem 
U03a 79 1 Other incorrect Cannot solve a two-step multiplicative 
problem 
U03b 10 2 27 Can solve a two-step multiplicative 
problem 
U03b 70 1 Any other multiple of 3 Cannot solve a two-step multiplicative 
problem 
U03b 79 1 Other incorrect Cannot solve a two-step multiplicative 
problem 
U03c 10 2 Louisa Can solve simple time duration problem 
U03c 11 2 Response consistent with a, b answers Can solve simple time duration problem 
U03c 70 1 Response inconsistent with either part a, b, or both Cannot solve simple time duration problem 
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U03c 79 1 Other incorrect Cannot solve simple time duration problem 
U04 10 3 Decreases by 4 Finds the rule for a number pattern 
U04 11 3 30 Indicates next number 
U04 19 3 Other correct Understands the rule for a number pattern 
U04 70 1 Increases by 4 Misreads the question 
U04 71 2 4 with no explanation Knows the 'rule' number 
U04 79 1 Other incorrect Does not understand the rule for a number 
pattern 
U05 10 3 5X4 Understands multiplication concept 
U05 11 3 4X5 Understands multiplication concept 
U05 19 3 Other correct Understands multiplication concept 
U05 70 2 4X4=16 Miscounts, correct fact 
U05 71 2 4X4=20 Miscounts, incorrect fact 
U05 72 2 10X2=20 or 2X10=20 Uses total and a known fact 
U05 79 1 Other incorrect Does not understand multiplication concept 
V01 20 3 NO Both circles correctly partitioned Understands fraction concept and can 
explain 
V01 10 2 NO No partitioning shown Understands fraction concept but no 
explanation 
V01 11 2 NO Only one circle correct Understands fraction concept with partial 
explanation 
V01 12 2 NO other incorrect partitioning Understands fraction concept 
V01 13 2 YES Both circles correctly partitioned but no explanation Misunderstands fraction representation 
V01 19 2 Other partially correct Understands fraction concept 
V01 70 1 YES No partitioning  Misunderstands fraction concept 
V01 71 1 YES 1/3 smaller than 1/4 Misunderstands fraction concept 
V01 72 1 YES One or both partitionings in 3 or 4 parts Misunderstands fraction concept 
V01 79 1 Other incorrect Misunderstands fraction concept 
V02 10 3 57821 Understands place value to 10 000 
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V02 70 2 66821 Adds 10 000 
V02 71 2 Any number except 66821 where at least one digit has increased by 1 Adds a multiple of ten 
V02 79 1 Other incorrect Place value problems 
V03 10 3 198 Bridges 200 in subtraction 
V03 70 2 98 or 298 Cannot bridge 200 correctly in subtraction 
V03 71 1 5 Uses given n umber 
V03 72 1 206 Adds only 
V03 79 1 Other incorrect Cannot bridge 100 in subtraction 
V04a 20 3 Mysong 64, 55 shown (or the difference 9) Understands addition of two-digit numbers 
V04a 10 2 Mysong Either 64 ot 55 not both Understands addition of two-digit numbers 
V04a 11 2 Mysong No explanation Understands addition of two-digit numbers 
V04a 12 2 Mysong 64, 55 shown with unsatisfactory explanation Understands addition of two-digit numbers 
V04a 13 2 Mysong 64, 55 shown with no explanation Understands addition of two-digit numbers 
V04a 19 2 Other Mysong responses Understands addition of two-digit numbers 
V04a 70 1 Neither win Poor understanding of addition of two-digit 
numbers 
V04a 71 1 Naoki with or without explanation Poor understanding of addition of two-digit 
numbers 
V04a 79 1 Other incorrect (including 'both won') Poor understanding of addition of two-digit 
numbers 
V04b 10 3 One of: 42+31; 41+32; 31+42; 32+41 Understands addition of two-digit numbers 
V04b 70 2 Incorrect combinations of 1, 2, 3, 4 Poor understanding of addition of two-digit 
numbers 
V04b 71 1 Combinations of 1, 2, 3, 4 and some used twice Misunderstands the question 
V04b 72 1 Combinations using digits other than 1, 2, 3, 4 Misunderstands the question 
V04b 79 1 Other incorrect Poor understanding of addition of two-digit 
numbers 
V05 10 4 1000 Understands metric units 
V05 11 4 Thousand/or 'one thousand' Understands metric units 
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V05 70 2 10 Incorrect relationship 
V05 71 3 60 Does not understand metric units 
V05 72 2 100 Incorrect relationship 
V05 73 2 10 000 Incorrect relationship 
V05 79 1 Other incorrect Does not understand metric units 
 
Population 2 
Item  
Distractor 
or 
Category 
 
Re-coding Distractor Description Distractor Inference 
I01 A 1 Smallest of any three numbers Does not understand an algebraic expression 
I01 B 3 Correct Understands an algebraic expression 
I01 C 1 Largest of any three numbers Does not understand an algebraic expression 
I01 D 2 Does not fully understand the problem Does not understand an algebraic expression 
I02 A 1 Uses given number, 2 Unable to solve a two-step problem 
I02 B 1 Guess Unable to solve a two-step problem 
I02 C 3 Correct Able to solve a two-step problem 
I02 D 2 Finds two-thirds of 60 Able to solve a two-step problem 
I02 E 2 Finds three-quarters of 60 Able to solve a two-step problem 
I03 A 1 Misunderstands metric units  (litres) Mis-understands metric units (litres) 
I03 B 1 Misunderstands metric units  (litres) Mis-understands metric units (litres) 
I03 C 2 Correct Understands metric units (litres) 
I03 D 1 Misunderstands metric units  (litres) Mis-understands metric units (litres) 
I04 10 4 Correct (52) Able to solve a two-step problem 
I04 70 3 27 and 38 Solves only part of a two-step problem 
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I04 71 3 27 or 38 Solves only part of a two-step problem 
I04 72 1 17 Misreads question 
I04 73 1 31 Misread question 
I04 74 1 42 Unable to solve a two-step problem 
I04 75 2 There is no other number that occurs in both 
sequences' or any similar explanation 
Unable to solve a two-step problem 
I04 79 1 Other incorrect Unable to solve a two-step problem 
I05 A 3 Problems after a decomposition in decimal 
subtraction 
Unable to perform decimal subtraction to 
100ths 
I05 B 4 Correct Able to perform two-place decimal subtraction 
I05 C 2 Forgets to 'carry' after 'borrowing' in decimal 
subtraction 
Performs decomposition inconsistently 
I05 D 1 Smaller from larger as subtraction strategy Smaller from larger as subtraction strategy 
I06 10 3 A fraction with numerator greater than 2 and a 
denominator equal to 7 
Understands concept of vulgar fraction 
I06 11 3 A fraction with numerator equal to 2 and a 
denominator less than 7 
Understands concept of vulgar fraction 
I06 12 3 Three-eighths Understands concept of vulgar fraction 
I06 13 3 One-half. (Other fractions with numeric value equal 
to one-half are coded 19) 
Understand sconcept of vulgar fraction 
I06 19 3 Other correct fractions Understands concept of vulgar fraction 
I06 70 1 One-seventh Misunderstands the question 
I06 71 2 Four-fourteenths Believes doubling digits changes the value of 
a vulgar fraction 
I06 72 2 Two-eighths Ignores numerator and believes that the larger 
the denominator the larger the vulgar fraction 
I06 79 1 Other incorrect Does not understand the concept of vulgar 
fractions 
I07 A 2 Correct Understands use of estimation of price ($) 
I07 B 1 Guess Does not understand the use of estimation of 
price ($) 
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I07 C 1 Guess Does not understand the use of estimation of 
price ($) 
I07 D 1 Guess Does not understand the use of estimation of 
price ($) 
 
I08 A 1 (1, 1) Cannot find co-ordinates on a linear graph 
I08 B 2 (2, 4) Finds equation but neglects intercept 
I08 C 3 (5, 6) Correct Can find points on linear graph 
I08 D 2 (6, 3) Mis-calculates gradient and intercept 
I08 E 1 (6, 5) Reverses co-ordinate order 
I09 A 3 Correct One-half gives the greatest chance of 
selection 
I09 B 1 Blue Does not know the concept of probability 
I09 C 1 Green Does not know the concept of probability 
I09 D 2 Yellow Largest denominator 
J10 A 1 Adds given figures Does not understand problem 
J10 B 2 Subtracts side lengths to find area difference Solves only part of a two-step problem 
J10 C 4 Correct Completes a two-step problem 
J10 D 3 Calculates larger area only Solves only part of a two-step problem 
J11 A 1 Adjacent sides Does not know definition of parallelogram 
J11 B 1 Parallel trigger for answer Does not know definition of parallelogram 
J11 C 1 Axis of symmetry Does not know definition of parallelogram 
J11 D 1 Adjacent angles Does not know definition of parallelogram 
J11 E 2 Correct Understands definition of parallelogram 
J12 10 4 Six-sevenths Understands division of vulgar fractions 
J12 19 4 Other fraction or decimal equalling six-sevenths Understands division of vulgar fractions 
J12 70 3 Any fraction with 2 as a numerator Has incomplete knowledge or skill for 
performing division of vulgar fractions 
J12 71 3 A response (other than 90/105) that indicates 
working out the common denominator, 105 
Has incomplete knowledge or skill for 
performing division of vulgar fractions 
J12 72 2 Seven-sixths or equivalent Does not fully understand method for dividing 
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vulgar fractions 
J12 79 1 Other incorrect Has incomplete knowledge or skill for 
performing division of vulgar fractions 
J13 10 2 5 and a half faces Understands pictograph key 
J13 11 2 5 full faces and some expression indicating one half 
a face or a new symbol for a 5 is defined and used, 
e.g. expressions like '+5', fractions with faces as 
numerator or denominator or similar  
Understands pictographs 
J13 19 2 Other correct Understands pictographs 
J13 70 1 4 and a half faces Misunderstands pictograph key 
J13 71 1 5 faces Misunderstands pictograph key 
J13 72 1 6 faces Does not understand pictograph key 
J13 79 1 Other incorrect Does not understand pictograph key 
J14 A 2 Counts decimal places (like multiplication) Does not understand division of decimals 
J14 B 2 Ignores decimal point in divisor Does not understand division of decimals 
J14 C 1 Decimal place error Misunderstanding of decimal places 
J14 D 1 Decimal place error Misunderstanding of decimal places 
J14 E 3 Correct Understands decimal places 
J15 A 2 Correct Understands definition of similar triangles 
J15 B 1 Selects by 'sight' Does not know definition of similarity 
J15 C 1 Selects by similar orientation Does not know definition of similarity 
J15 D 1 Selects by similar 'pointy-ness' Does not know definition of similarity 
J15 E 1 Misreads as dissimilar in lay sense Does not know definition of similarity 
J16 A 3 (8, 12) Correct Can estimate co-ordinates 
J16 B 2 Mis-estimates y-axis Cannot use co-ordinate system 
J16 C 2 Reverses x and y co-ordinates Cannot use co-ordinate system 
J16 D 1 Uses symmetry Does not understand co-ordinate system 
J17 A 1 4km Guess Cannot use map scale 
J17 B 1 16 km Guess Cannot use map scale 
J17 C 2 Correct Can use map scale 
J17 D 1 50 km Guess Cannot use map scale 
Appendix X  Analysis 2: Itanal re-codings 
 544 
Item  
Distractor 
or 
Category 
 
Re-coding Distractor Description Distractor Inference 
J18 A 1 Copies previous entry Cannot recognizes number relationship in a 
pattern 
J18 B 2 Correct Correctly recognizes number relationship in a 
pattern 
J18 C 1 Doubles x value Cannot correctly recognizes number 
relationship in a pattern 
J18 D  Two less than next value (like x value) Cannot correctly recognizes number 
relationship in a pattern 
J18 E 1 Subtracts 6 (y pattern in reverse order) Cannot correctly recognizes number 
relationship in a pattern 
K01 A 2 Checks by 'eye' Uses stem as visual clue for area model vulgar 
fraction 
K01 B 2 Checks by 'eye' Uses stem as visual clue for area model vulgar 
fraction 
K01 C 2 Checks by 'eye' Uses stem as visual clue for area model vulgar 
fraction 
K01 D 3 Correct Can estimate a vulgar fraction in an area 
model 
K01 E 1 Guess Cannot estimate a vulgar fraction 
K02 10 4 9.375 Can add two three-place decimal numbers 
K02 19 4 Other responses equivalent to 9.375 Can add two three-place decimal numbers 
K02 70 3 8.700 or 8.7 Cannot add two three-place decimal numbers 
K02 71 1 Contains miscalculated figures  
Example: 10.375, 9.395, 9.475 or similar 
Makes errors when adding two three-place 
decimal numbers 
K02 72 2 One of the following: 6, 60, 600, or 6000 Makes decimal point errors 
K02 79 1 Other incorrect Makes errors when adding two three-place 
decimal numbers 
K03 A 2 Correct Can visualize a 3-D object when rotated 
K03 B 1 Quarter turn with a left to right 'flip' Cannot visualize 3-D objects correctly when 
rotated 
K03 C 1 Half turn with left to right 'flip' Cannot visualize 3-D objects correctly when 
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rotated 
K03 D 1 Adds extra cubes to shape Cannot visualize 3-D object when rotated 
K04 A 1 Translates denominator across < sign Does not understand inequality rules 
K04 B 1 Subtracts 2 from other side of in-equation Does not understand inequality rules 
K04 C 2 Correct Understands inequality rules 
K04 D 1 Subtracts 2 and changes sign to > Does not understand inequality rules 
K04 E 1 Multiplies by 2 and changes sign to > Does not understand inequality rules 
K05 10 3 12 Knows area and perimeter rules for rectangles 
K05 70 1 22 Adds given numbers 
K05 71 2 24 Multiplies half the given number values 
K05 72 2 48 Multiplies half of one of the given number 
values by the other 
K05 73 2 60 Multiplies given length by both opposite sides 
K05 74 1 96 or indication of 6*16 Multiplies given numbers 
K05 79 1 Other incorrect Does not understand area and perimeter 
K06 A 2 50% more students Cannot calculate % of given number 
K06 B 2 30% more students Cannot calculate % of given number 
K06 C 2 25% more students Cannot calculate % of given number 
K06 D 3 Correct Can calculate 115% of given number 
K06 E 1 Rounds up to 1200 Does not understand % as a fraction 
K07 A 3 Divides by 7 only Cannot complete probability calculation 
K07 B 1 6 Numerator misunderstanding Misunderstand role of numerator in probability 
K07 C 4 Correct Able to complete two-step probability problem 
K07 D 3 10 Guess Unable to complete two-step probability 
problem 
K07 E 2 Calculates reverse of question Misunderstands problem 
K08 A 1 Fills gap with given angle Does not know properties of similar triangles 
K08 B 3 Correct Knows properties of similar triangles 
K08 C 2 Error in 52+73 or subtraction from 180 Knows properties of similar triangles 
K08 D 1 Repeats angle from question stem Does not know properties of similar triangles 
K08 E 2 Error in subtraction from 180 Knows properties of similar triangles 
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K09 A 1 Adds denominators and numerators as whole 
numbers 
Treats vulgar fractions as whole numbers 
K09 B 2 Incorrect denominator-numerator multiplication Does not understand the rôle of the common 
denominator 
K09 C 2 Incorrect denominator-numerator multiplication Does not understand the rôle of the common 
denominator role 
K09 D 3 Correct Able to solve vulgar fraction addition 
L08 A 2 Under estimates height Poor estimation of height 
L08 B 3 Correct Able to estimate height 
L08 C 2 Over estimates height Poor estimation of height 
L08 D 1 Very poor estimate of height Very poor estimation of height 
L09 A 1 Misreads 'hundred' Misreads question 
L09 B 4 Correct Understands numeration to tenths 
L09 C 3 Ignores 'tenths' Ignores decimal point 
L09 D 2 Expresses number literally Does not understand numeration 
L10 A 2 Reads only 'noon' part of table Reads only part of a table 
L10 B 3 Correct Able to read table of values 
L10 C 1 15 Guess Unable to read table of values 
L10 D 1 Misreads 'highest' as 'lowest' Reading problem 
L11 A 2 Adds drops only Misunderstands question 
L11 B 1 Misses last 'drop' Misreads question 
L11 C 3 Correct Able to solve two-step problem 
L11 D 2 Doubles first drop Misunderstands question 
L12 A 2 Confuses more steps as longer pace Scale ideas confused 
L12 B 1 Guess Poor ideas of scale 
L12 C 1 Guess Poor ideas of scale 
L12 D 3 Correct Understands scale ideas 
L13 A 1 Misunderstands repeating part of pattern Cannot discern a pattern 
L13 B 2 One pattern element dominates thinking Cannot discern two elements of a pattern 
L13 C 3 Correct Can discern a pattern 
L13 D 1 Guess Cannot discern a pattern 
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L14 A 1 Uses x sequence only for P; Q unknown Uses only part of the given information 
L14 B 1 Uses x sequence only for P; uses doubling for Q Uses only part of the given information 
L14 C 1 Uses x sequence only for P; uses subtraction for Q Uses only part of the given information 
L14 D 2 Reverses values Able to establish relationship but confuses x, y 
sequences 
L14 E 3 Correct Able to establish relationship between x, y 
sequences 
L15 A 3 Correct Calculates missing angle in quadrilateral 
L15 B 1 Uses given value Unable to calculate missing angle 
L15 C 1 130 degrees Guess Unable to calculate missing angle 
L15 D 2 Omits given value in calculation Does not use all given information 
L15 E 1 None of the above No understanding of the problem Unable to calculate missing angle 
L16 10 4 Correct Able to solve a linear equation for x 
L16 70 3 Correct procedure but incorrect sign of x or numbers Problems with signs in equation solution 
L16 71 3 Correct procedure but incorrect sign of x or numbers Problems with signs in equation solution 
L16 72 2 Does not eliminate x from both sides Incomplete understanding of equation solution 
method 
L16 79 1 Other incorrect Cannot solve linear equation 
L17 A 2 Incorrect conversion of two-thirds to twelfths Problem with equivalence 
L17 B 4 Correct Able to form common denominator 
L17 C 3 Uses 24 as common denominator and mis-adds Problem with choice of common denominator 
L17 D 2 Converts two-thirds to nine-twelfths Problem with equivalence 
L17 E 1 Does not convert quarters to twelfths Problem with equivalence 
M01 A 1 Reads divisions on scale as 1 gram Cannot read semi-marked scale 
M01 B 1 160g A number between 150 and 200 Cannot read scale 
M01 C 1 Reads divisions on scale as 5 gram Cannot read semi-marked scale 
M01 D 2 Correct Able to read semi-marked scale 
M02 A 3 Correct Knows symmetry elements of a rectangle 
M02 B 2 Selects vertical line of symmetry Knows some symmetry elements of a 
rectangle 
M02 C 2 Selects horizontal line of symmetry Knows some symmetry elements of a 
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rectangle 
M02 D 1 Confuses diagonals and lines of symmetry Does not have a clear understanding of 
symmetry 
M03 A 3 Correct Able to use basic concept of probability 
M03 B 2 Selects 100 marbles Possible confusion with percentages 
M03 C 2 Selects 1000 marbles Most objects equated with greatest chance 
M03 D 1 Focuses on the one red marble Does not understand concept of probability 
M04 A 3 Correct Understands vulgar fraction notation 
M04 B 2 Selects large common fraction (three-quarters) Mis-led by familiarity of three-quarters 
M04 C 1 5/8 Numerator and denominator both large numbers Does not understand vulgar fractions 
M04 D 1 Selects largest denominator Whole number view of the denominator 
M05 A 2 Horizontal flip Flip instead of rotate 
M05 B 2 Vertical flip Flip instead of rotate 
M05 C 1 Unchanged No understanding of rotations 
M05 D 3 Correct Understands rotations 
M05 E 1 Shifts shape up the page Neither flip nor rotation 
M06 10 3 Correct Able to calculate a ratio 
M06 70 2 7 Adds given numbers in ratio problem 
M06 71 2 12 Multiplies given numbers in ratio problem 
M06 72 2 13 Divides class number into half and subtracts 1 
(given number difference) 
M06 73 2 15 Divides class number into half and subtracts 1 
(given number difference) 
M06 74 2 21 Manipulates all given numbers 
M06 79 1 Other incorrect Cannot solve a ratio problem 
M07 A 2 Ignores x, multiplies given numbers Does not understand equations with an 
unknown 
M07 B 2 x is 10, so 4 *  is 40 Does not understand equations with an 
unknown 
M07 C 1 x is 10, so 5*  is 50 and is the wrong angle Misunderstands problem 
M07 D 3 Correct Able to solve unknown angle problem 
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M07 E 1 Wrong angle doubled Misreads question 
M08 10 3 Correct Able to multiply decimals 
M08 70 2 1.1368 Unable to place the decimal point correctly 
M08 71 2 11.368 Unable to place the decimal point correctly 
M08 72 2 11368 Unable to place the decimal point correctly 
M08 73 2 Other misplaced decimal point Unable to place the decimal point correctly 
M08 74 1 One miscalculated digit Problems with multiplication 
M08 75 1 Decimal larger than 0 or less than 1 Problems with multiplication 
M08 79 1 Other incorrect Problems with multiplication 
N11 A 1 18 043 Misread given number as 18 100 Unable to round correctly 
N11 B 2 Correct Able to round correctly to the nearest 100 
N11 C 1 Rounds down to 200 Unable to round correctly 
N11 D 1 18 328 Misreads given number as 18 300 Unable to round correctly 
N12 A 2 Between O and P Adds given numbers and 
subtracts from R 
Unable to solve number-line problem 
N12 B 3 Correct Able to solve number-line problem 
N12 C 2 Counts 5 left, 3 right Unable to solve number-line problem 
N12 D 1 Misunderstands question Does not understand problem 
N13 10 3 3 Correct Substitutes in an algebraic problem 
N13 11 3 Correct fractional answer (not lowest terms) Substitutes in an algebraic problem 
N13 70 3 Incomplete correct solution Partial substitution in an algebraic problem 
N13 71 2 Incorrect substitution Unable to substitute correctly in an algebraic 
equation 
N13 72 1 Response still contains x Incomplete solution 
N13 79 1 Other incorrect Unable to solve an algebraic equation 
N14 A 1 Equivalence by a numerator common factor of 2 Does not know equivalent fractions 
N14 B 1 3/5, 5/7, 9/15 All odd numbers Does not know equivalent fractions 
N14 C 2 Correct Knows equivalent fractions 
N14 D 1 Equivalence by a numerator common factor of 5 Does not know equivalent fractions 
N15 A 1 Guesses angle Unable to estimate an angle of 30 degrees 
N15 B 1 Guesses angle Unable to estimate an angle of 30 degrees 
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N15 C 2 Correct Able to estimate an angle of 30 degrees 
N15 D 1 Guesses angle Unable to estimate an angle of 30 degrees 
N16 A 3 Correct Able to solve two-sep fraction problem 
N16 B 2 Adds marbles left to total (18+6) Misunderstands the problem 
N16 C 2 Misses point that the one-third is of remaining 
marbles but does not add the 6 
Misunderstands the problem 
N16 D 1 Misses point that the one-third is of remaining 
marbles and adds the remaining 
Misreads the problem 
N17 A 4 Correct Able to solve two-step decimal problem 
N17 B 3 17.65 litres Error in subtraction from 180 Unable to solve two-step problem 
N17 C 1 Calculates used fuel only Misunderstands problem 
N17 D 2 Subtracts smaller from larger (35.00 - 18.75 = 23.75) Smaller from larger subtraction 
N18 A 1 One chip drawn from 9 Misunderstands the problem 
N18 B 1 An even number, 2 Misunderstands the problem 
N18 C 3 Correct Understands probability 
N18 D 2 Half the numbers are even Misunderstands probability 
N19 10 4 Correct  Understands vulgar fractions as part of whole 
N19 70 3 Numerator (5) squares shaded Partial understanding of vulgar fractions 
N19 71 3 Denominator (8) squares shaded Partial understanding of vulgar fractions 
N19 72 3 14 or 16 squares shaded Partial understanding of vulgar fractions 
N19 73 2 5 shaded squares and 3 more indicated to total 8 Poor understanding of vulgar fractions 
N19 79 1 Other incorrect Does not understand vulgar fractions 
O01 A 2 Reads 20m instead of 30m Misreads graph axis 
O01 B 3 Correct Able to read x-axis value from given y-axis 
value 
O01 C 2 Reads 50m instead of 30m Misreads graph axis 
O01 D 1 160 kph Guess Graph reading problem 
O02 A 1 15% difference in price in cents Unable to calculate percentage increase in 
price 
O02 B 1 20% Guess Unable to calculate percentage increase in 
price 
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O02 C 2 Correct Able to calculate percentage increase in price 
O02 D 1 30% Guess Unable to calculate percentage increase in 
price 
O03 A 1 Confuses alternative and supplementary angles Confuses alternative and supplementary 
angles 
O03 B 2 Correct Understands corresponding and 
supplementary angles 
O03 C 1 Does not understand corresponding angles Does not understand corresponding angles 
O03 D 1 Does not understand alternative and corresponding 
angles 
Does not understand alternative and 
corresponding angles 
O03 E 1 Does not understand alternative and corresponding 
angles 
Does not understand alternative and 
corresponding angles 
O04 A 1 Hundred instead of hundredths Mis-read problem 
O04 B 2 Rounds to nearest whole number Misunderstands problem 
O04 C 3 Rounds 6 hundredths to 1 tenth Unable to round to hundredths 
O04 D 4 Correct Able to round to hundredths 
O04 E 3 Rounds thousandths instead of hundredths Unable to round to hundredths 
O05 A 1 One Difference of given numbers Does not understand probability 
O05 B 1 Given number used for probability Does not understand probability 
O05 C 1 Two colours so half and half Does not understand probability 
O05 D 2 Correct Understand probability 
O05 E 1 Adds given numbers Does not understand probability 
O06 10 2 8:05 Correct Able to solve addition of time problems 
O06 11 2 Other equivalent to 8:05 Able to solve addition of time problems 
O06 70 1 7:50:Adds half an hour Cannot add time 
O06 71 1 8:00 Adds 40 minutes Cannot add time 
O06 72 1 8:10 Adds incorrectly Cannot add time 
O06 73 1 8:15 Adds incorrectly Cannot add time 
O06 74 1 8:35 Adds incorrectly Cannot add time 
O06 79 1 Other incorrect Cannot add time 
O07 A 2 x = 2  Divides by 5, 3x = 6 Unable to solve equation with x on LHS 
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O07 B 3 Correct Able to solve equation with x on LHS only 
O07 C 2 Ignores +5 Unable to solve equation with x on LHS 
O07 D 1 Multiplies by 3, adds 5 to right-hand-side Unable to solve equation with x on LHS 
O08 A 1 Misunderstands 'rotate' or 'centre' Does not understand rotations 
O08 B 2 Correct Understands rotations 
O08 C 1 T goes to R so R is centre Does not understand rotations 
O08 D 1 The centre of the drawing Does not understand rotations 
O08 E 1 T  T spins to R Does not understand rotations 
O09 10 3 Correct Able to divide vulgar fractions 
O09 70 2 Multiplies denominator by given 5km. Multiplication is default operation 
O09 71 2 Multiplies 5 by one-quarter (5/4) Multiplication is default operation 
O09 72 1 2 Does not understand division by vulgar 
fractions 
O09 73 1 3 Does not understand division by vulgar 
fractions 
O09 74 1 4 Given denominator  Does not understand division by vulgar 
fractions 
O09 75 1 5 Given number Does not understand division by vulgar 
fractions 
O09 79 1 Other incorrect Does not understand division by vulgar 
fractions 
P08 A 1 1/1 Confuses side and perimeter Unable to identify ratios 
P08 B 1 1/2 Confuses side and half-perimeter Unable to identify ratios 
P08 C 1 One out of three (remaining) Unable to identify ratios 
P08 D 3 Correct Able to identify ratios 
P09 A 1 3*8/12 Uses all given numbers Unable to identify and calculate ratios 
P09 B 1 4 Divides some of the given numbersr Unable to identify and calculate ratios 
P09 C 3 Correct Able to identify and calculate ratios 
P09 D 2 5.5 Poor multiplication Unable to calculate ratios 
P09 E 1 32 3*8 given numbers Unable to identify and calculate ratios 
P10 A 2 m+4 Confuses operations Does not understand index notation 
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P10 B 3 Correct Understands index notation 
P10 C 2 m4 Confuses + and * Does not understand index notation 
P10 D 1 4(m+1) Does not understand index notation 
P11 A 2 12-3=9 Rough estimate Poor estimation of length 
P11 B 3 Correct Able to estimate length 
P11 C 1 Misreads scale Poor estimation of length 
P11 D 1 Misreads scale Poor estimation of length 
P12 A 2  Reasonable estimation Reasonable estimation 
P12 B 1 Over-estimation Over-estimation 
P12 C 3 Correct Good estimation 
P12 D 1 Under-estimation Under-estimation 
P13 A 1 6000 minutes in an hour Unable to multiply where there are 0's 
P13 B 1 600 minutes in an hour Unable to multiply where there are 0's 
P13 C 2 Correct Able to multiply where there are 0's 
P13 D 1 6 minutes in an hour Unable to multiply where thee are 0's 
P14 A 1 Adds correctly but misses 'left' Misreads problem 
P14 B 2 Mis-adds or incomplete Unable to add vulgar fractions 
P14 C 2 Mis-adds or incomplete Unable to add vulgar fractions 
P14 D 3 Correct Able to add vulgar fractions 
P15 A 2 Confuses + and * Does not understand index 
notation 
Does not understand index notation 
P15 B 3 Correct Understands index notation 
P15 C 1 3y Does not understand index notation Does not understand index notation 
P15 D 1 y2 + y Does not understand index notation Does not understand index notation 
P16 10 3 Correct Able to express a decimal as a vulgar fraction 
P16 70 2 28/100 or 14/50 Unable to express vulgar fraction in lowest 
terms 
P16 71 1 Any fraction other than 28/100 with 28 as numerator Uses given digits 
P16 72 1 Any fraction with 28 as denominator Uses given digits 
P16 73 1 2/8 or 1/4 Uses given digits 
P16 74 1 Any mixing of decimal and vulgar fractions Unable to convert decimal fractions to vulgar 
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fractions 
P16 79 1 Other incorrect Unable to convert decimal fractions to vulgar 
fractions 
P17 A 2 Uses given number (8) Given number over-rides other information 
P17 B 1 Confuses 8pm and 9am Misreads the table 
P17 C 3 Correct Able to read a table and a thermometer 
P17 D 1 Mis-reads 3pm for 8pm Misreads problem 
Q01 A 2 5 - 3n Represents problem order Does not understand problem 
Q01 B 1 3n Misreads problem Misreads problem 
Q01 C 1 n - 5 Reads first part of problem only Reads only part of problem 
Q01 D 1 3n - 5 Misreads problem Misreads problem 
Q01 E 3 3(n - 5) Correct Unable to represent problem in algebraic form 
Q02 A 2 Omits the unknown (x) Does not understand algebraic equations 
Q02 B 2 2 Subtracts x/9 to leave the 2 Does not understand algebraic equations 
Q02 C 1 Omits the denominator (9) Does not understand vulgar fractions 
Q02 D 3 Correct Able to solve algebraic fraction problem 
Q02 E 1 Multiplies by denominator (common factor?) Does not understand vulgar fractions 
Q03 A 1 Thousands are the largest number Unable to understand problem 
Q03 B 2 Correct Understands problem 
Q03 C 1 Hours are a long time Unable to understand problem 
Q03 D 1 A day is a long time Unable to understand problem 
Q04 A 1 Amy Does not understand the problem 
Q04 B 2 Correct Able to solve logic problem 
Q04 C 1 Dawn Unable to solve logic problem 
Q04 D 1 Debbie Unable to solve logic problem 
Q05 A 3 Correct Understands inequalities 
Q05 B 1 Uses given numbers (5, 5) Misreads problem 
Q05 C 2 More boys than girls Guess Unable to solve ratio inequality 
Q05 D 2 Cannot solve problem Cannot solve problem 
Q06 A 1 Under-estimate by a factor of ten Poor place value in multiplicative estimation 
Q06 B 1 Uses 10 months per year for estimate Poor choice of multiplier for estimate 
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Q06 C 3 Correct Able to solve multiplicative estimation problem 
Q06 D 2 2 400 000 Multiplies 6000 by 4 weeks (24 000) then 
by 100 for the year 
Unable to solve multiplicative estimation 
problem 
Q06 E 1 Very poor place value skills Poor place value in multiplicative estimation 
Q07 A 2 Transposes formula incorrectly Unable to transpose a formula correctly 
Q07 B 2 4 Uses given number (3) Unable to substitute in a formula 
Q07 C 3 Correct Able to substitute in a formula 
Q07 D 1 Provides a given number Unable to solve formula problem 
Q07 E 1 Multiplies given numbers Unable to solve formula problem 
Q08 A 1 Longer is smaller Unable to order vulgar and decimal fractions 
correctly 
Q08 B 2 Correct Able to order vulgar and decimal fractions 
correctly 
Q08 C 1 Whole number order Unable to order vulgar and decimal fractions 
correctly 
Q08 D 1 1/5, 0.8, 0.345, 0.19 Guess Unable to order vulgar and decimal fractions 
correctly 
Q09 A 1 1/8 Multiplies all given fractions Unable to add and multiply vulgar fractions 
Q09 B 1 Adds numerators and denominators Unable to add and multiply vulgar fractions 
Q09 C 1 Multiplies all denominators Unable to add and multiply vulgar fractions 
Q09 D 1 5/6 Guess Unable to add and multiply vulgar fractions 
Q09 E 2 Correct Able to add and multiply vulgar fractions 
Q10 10 2 30 (100 - 70) Able to solve a logical problem 
Q10 70 1 20 Unable to solve a logical problem 
Q10 71 1 35 Unable to solve a logical problem 
Q10 72 1 40 Unable to solve a logical problem 
Q10 73 1 45 Unable to solve a logical problem 
Q10 74 1 50 Unable to solve a logical problem 
Q10 75 1 60 or 70 Unable to solve a logical problem 
Q10 79 1 Other incorrect Unable to solve a logical problem 
R06 A 3 Correct Able to solve decimal fraction subtraction to 
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thousandths 
R06 B 2 No carry from thousandths Unable to carry from thousandths in 
subtraction 
R06 C 1 Smaller from larger as subtraction strategy Smaller from larger as subtraction strategy 
R06 D 2 No carry from hundredths or thousandths Unable to carry from hundredths or 
thousandths in subtraction 
R07 A 1 Divides 0.200 by 25 Does not understand the problem 
R07 B 2 Correct Able to divide decimal fractions 
R07 C 1 0.05 Does not understand the problem 
R07 D 1 Divided 0.200 by 2.5 Does not understand the problem 
R08 A 3 60m Reads end of drawn line on graph Unable to extrapolate non-linear line graph 
R08 B 4 Correct Able to extrapolate non-linear line graph 
R08 C 1 Reads axes in reverse order Unable to read axes on a graph 
R08 D 2 100m Misreads x-axis Misreads axis scale 
R09 A 1 (a+b)+c=a+(b+c) Does not read FALSE in problem statement 
R09 B 1 ab=ba Does not read FALSE in problem statement 
R09 C 1 a+b=a+b Does not read FALSE in problem statement 
R09 D 1 (ab)c=a(bc) Does not read FALSE in problem statement 
R09 E 2 (a+b)+c=a+(b+c) Correct Reads FALSE in problem statement 
R10 A 2 Three Problem with visualization Visualization problems 
R10 B 2 Four Problem with visualization Visualization problems 
R10 C 3 Five Correct Able to visualize 2-D figures and partition 
shapes 
R10 D 1 Six Counts all triangles including one given Does not understand the problem 
R11 A 3 4 Correct Understands word form of algebraic statement 
R11 B 1 6 Problem putting problem statement in 
algebraic form 
R11 C 2 6 Adds student numbers given but omits to share 
between the remaining 2 
Problem putting problem statement in 
algebraic form 
R11 D 2 9 Adds number of students, subtracts from class size 
and divides by 2 
Problem putting problem statement in 
algebraic form 
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R12 A 1 4369 Smaller from larger Smaller from larger misconception 
R12 B 3 3742 Incorrect decomposition and error in basic 
subtraction fact 
Misunderstands decomposition algorithm 
R12 C 4 3631 Correct Can subtract two four-digit numbers involving 
zeroes 
R12 D 2 3531 Problems in decomposition of 100s Basic fact error 
R13 10 5 80 Correct Able to complete two-step vulgar fraction 
problem 
R13 70 4 2/9 Expresses answer as vulgar fraction when $ 
answer required 
Unable to complete two-step problem 
R13 71 4 40 Finds only 1/9 of $360 Unable to complete two-step problem 
R13 72 3 120 Finds one-third of $360 Incorrectly calculates remaining money as 3/9 
(1/3) 
R13 73 1 180 Reads 7/9 as 1/2 Does not understand the problem 
R13 74 2 300 Unable to solve the problem 
R13 79 2 Other incorrect Unable to solve the problem 
R14 10 3 450 Correct Able to solve a multi-step problem involving 
vulgar fractions 
R14 70 2 5 Finds the cost of one item only Unable to complete a multi-step problem 
R14 71 1 400 Reads 'same' to mean payment totals Does not understand the problem 
R14 72 2 420 Mis-calculates cost of one item Unable to complete a multi-step problem 
R14 73 2 500 Misreads number in problem Unable to complete a multi-step problem 
R14 74 2 600 Unable to complete a multi-step problem 
R14 79 2 Other incorrect Unable to complete a multi-step problem 
S01a 10 2 4 and 9 Correct Able to complete a simple table of values 
S01a 70 1 5 and 10 Miscounts first triangle Unable to complete a simple table of values 
S01a 71 1 5 and any other integer other than 10 Unable to complete a simple table of values 
S01a 79 1 Other incorrect Unable to complete a simple table of values 
S01b 10 3 64 Correct Able to extend a visual-numerical sequence 
S01b 70 1 16 The next element of the sequence Misreads the problem 
S01b 71 2 35 Unable to extend a visual-numerical sequence 
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S01b 79 2 Other incorrect Unable to extend a visual-numerical sequence 
S02a 10 2 81 Correct Able to divide 405 by 5 
S02a 70 1 1 One square Does not understand the question 
S02a 79 1 Other incorrect Does not understand the question 
S02b 10 3 9 Correct Understands area 
S02b 70 2 1 Side length is the unit of measure 
S02b 71 2 20.25 One-fourth of the area  Confuses area and perimeter 
S02b 72 2 Other indication of division by 4 Confuses area and perimeter 
S02b 73 2 40.5 or any indication of division by 2 Confuses area and perimeter 
S02b 79 1 Other incorrect Unable to complete two-step problem 
S02c 10 3 108 Correct Able to calculate perimeter correctly 
S02c 11 3 Other response consistent with answer in S02b 
multiplied by 12 
Able to calculate perimeter correctly 
S02c 19 3 Other correct response consistent with S02b Able to calculate perimeter correctly 
S02c 70 2 81 (4x20.25) or any other indication of multiplication 
by 4 
Confuses area and perimeter 
S02c 71 2 405 Uses the given area Confuses area and perimeter 
S02c 79 1 Other incorrect Unable to calculate perimeter 
T01a 20 4 33 and 21 Able to solve a multi-step problem 
T01a 10 4 Follows a correct procedure but makes an arithmetic 
error 
Able to solve a multi-step problem 
T01a 11 3 One correct solution Able to solve part of a multi-step problem 
T01a 70 1 15 and 39 Adds to 54 Misunderstands the problem 
T01a 71 3 One of the answers is 42 (54 - 12) Able to solve part of a multi-step problem 
T01a 72 4 15 and 27 (54 - 12 = 42 = 15 + 27) Correct procedure on wrong numbers 
T01a 79 2 Other incorrect Unable to solve a multi-step problem 
T01b 10 4 An equation with an unknown variable stated 
explicitly 
Algebraic solution strategy 
T01b 11 3 Divide 54 by 2; add 6 to 27, 33; subtract 6 from 27, 
21 
Arithmetic strategy 
T01b 12 3 Subtract 12 from 54, 42; divide by 2, 21; add 12 to Arithmetic strategy 
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21, 33 
T01b 19 2 Other fully satisfactory strategy, including listing, 
guess and check 
Appropriate strategy 
T01b 70 1 No method shown Unable to solve a multi-step problem 
T01b 71 1 Inadequate method, but starts appropriately Inadequate strategy 
T01b 79 1 Other incorrect Inadequate strategy 
T02a 10 2 180 3x60 pieces Able to solve a multi-step problem 
T02a 70 1 30 Interprets two pieces to one as a half ratio Misunderstands the problem 
T02a 71 1 90 Interprets two pieces to one as a half ratio Misunderstands the problem 
T02a 72 1 120 Interprets problem as doubling Misunderstands the problem 
T02a 73 1 240 Triple 60 plus 60 Misunderstands the problem 
T02a 79 1 Other incorrect Does not understand the problem 
T02b 10 4 One-third Able to solve a multi-step problem 
T02b 19 4 Any fraction equivalent to 1/3 Able to solve a multi-step problem 
T02b 70 1 1/4 or both 1/4 and 1/2 Misunderstands the ratio aspect of the 
problem 
T02b 71 3 3/8 or equivalent Adds given ratios Unable to complete the problem 
T02b 72 3 1/2 or equivalent Does not complete the problem Unable to complete the problem 
T02b 73 3 3/4 or equivalent Adds given ratios Unable to complete the problem 
T02b 74 1 Any integer Does not understand the problem 
T02b 79 2 Other incorrect Unable to solve a multi-step problem 
U01a 10 4 15 minutes Able to estimate by rounding 
U01a 11 4 16 minutes Able to estimate by rounding 
U01a 70 3 13 minutes Estimates by truncating 
U01a 71 1 14 minutes Unable to estimate 
U01a 72 2 15 minutes 14 seconds Calculates instead of estimating 
U01a 79 3 17 minutes Estimates by always rounding up 
U01a 79 1 Other incorrect Unable to estimate 
U01b 10 3 Each time correctly rounded to whole minutes Able to round correctly to the nearest 100 
U01b 11 3 Each time correctly rounded to nearest 5, 10, 15 or 
30 seconds 
Able to round correctly to the nearest 101 
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U01b 12 3 Statements instead of calculations shown  
Eg, "rounded numbers up" 
Able to round correctly to the nearest 102 
U01b 13 3 Adds then rounds off Able to round correctly to the nearest 103 
U01b 19 3 Other correct Able to round correctly to the nearest 104 
U01b 70 2 One or more roundings are incorrect Unable to round correctly consistently 
U01b 71 1 Rounds off from 14 minutes 34 seconds Unable to round off correctly 
U01b 79 1 Other incorrect Unable to round off correctly 
U02a 20 3 9cm and 2cm Correct drawing shown Able to calculate simple ratios 
U02a 10 3 9cm and 2cm Drawing incorrect or missing Able to calculate simple ratios 
U02a 11 3 Length or width not correct Drawing correct Able to calculate simple ratios 
U02a 70 2 15cm and 2cm Explicitly stated or from the drawing Unable to calculate simple ratios consistently 
U02a 71 2 7.5cm and 2cm Explicitly stated or from the drawing Unable to calculate simple ratios consistently 
U02a 72 2 3cm and 2cm Explicitly stated or from the drawing Unable to calculate simple ratios consistently 
U02a 73 2 2cm wide and length given as any other number not 
given above Explicitly stated or from the drawing 
Unable to calculate simple ratios consistently 
U02a 74 2 9cm long and width given as any other number not 
given above Explicitly stated or from the drawing 
Unable to calculate simple ratios consistently 
U02a 79 1 Other incorrect Unable to calculate simple ratios 
U02b 20 4 3:4, 3/4 or equivalent The areas are 18 and 24 
square cm. Or the ratio is is consistent with given 
rectangle the student's draw in response to part a 
Able to calculate simple ratios of areas 
U02b 21 4 The ratio is not 3:4 but answer is consistent with 
response to part a 
Able to calculate simple ratios of areas 
U02b 10 4 4:3 or equivalent The areas are 18 and 24 square 
cm 
Able to calculate simple ratios of areas 
U02b 11 3 An incorrect ratio or no ratio given The areas are 18 
and 24 square cm 
Able to calculate areas 
U02b 12 3 The difference (6) is given instead of a ratio The 
areas are 18 and 24 square cm 
Able to calculate areas 
U02b 13 3 The areas are not 18 and 24 square cm but are 
consistent with the answer to part a No ratio or an 
Able to calculate areas 
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incorrect ratio is given 
U02b 14 2 The areas are not 18 and 24 square cm but are 
consistent with the answer to part a   
A difference consistent with those areas is given 
Uses difference in place of a ratio, but is able 
to calculate areas 
U02b 70 1 Focuses exclusively on the ratios of the lengths and 
widths between the given and new rectangles  
No areas shown 
Does not understand area 
U02b 79 1 Other incorrect Does not understand ratio or area 
V01 10 4 Number within the interval 165≤X≤170 Understands rounding 
V01 11 4 170 Understands rounding 
V01 12 4 Number within the interval 170≤X≤175 Understands rounding 
V01 13 4 Two or more numbers within the interval 165≤X≤170 Understands rounding 
V01 70 3 Number within the interval 175≤X≤180 Does not understand rounding 
V01 71 2 150 or 200 Does not understand rounding 
V01 72 2 160 or 180 Adds or subtracts 'rounding to nearest' figure 
V01 73 1 Result of converting 170kg to other units Does not understand rounding 
V01 79 1 Other incorrect Does not understand rounding 
V02 30 5 Building A: Correct calculation of rent for both 
buildings 9600 yearly/800 monthly and 
9900yearly/825 monthly; or 825 to compare with 800 
given 
Complete solution to a multi-step problem 
V02 39 5 Other correct Complete solution to a multi-step problem 
V02 20 4 Building A: Correct calculation of rent for building A 
or B but not both 
Able to give a partly correct solution to a multi-
step problem 
V02 21 3 Building B or building is not named Correct 
calculation of rents for both buildings 
Able to calculate the solution to a multi-step 
problem but not explain it 
V02 10 2 Building A: Calculations or explanations are incorrect 
or inadequate 
Unable to solve a multi-step problem 
V02 11 2 Building A: No work shown Unable to solve a multi-step problem 
V02 12 2 Building B or building is not named Correct 
calculations of rent for either building but not both 
Unable to solve and explain a multi-step 
problem 
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V02 13 2 Building A: explanation is given only in the form of 
extracts from the advertisements 
Unable to solve and explain a multi-step 
problem 
V02 19 2 Other minimal response Unable to solve and explain a multi-step 
problem 
V02 70 1 Building B: Incorrect or inadequate calculations Unable to solve a multi-step problem 
V02 71 1 Building B: No work shown Unable to solve a multi-step problem 
V02 79 1 Other incorrect Unable to solve a multi-step problem 
V03 A 2 5/2 Misreads 'total' as the amount of either blue or 
yellow 
Unable to construct a correct ratio 
V03 B 1 9/4 Reverses the ratio elements Misunderstands the problem 
V03 C 2 5/4 A part-to-part ratio Unable to construct a correct ratio 
V03 D 3 5/9 Correct ratio constructed Able to construct a ratio 
V04a 10 3 24 Correctly calculates the area of a trapezium Able to calculate areas of trapezia 
V04a 70 2 10 The given length Confuses length and area 
V04a 71 1 18 No understanding of area calculation 
V04a 72 2 26 Uses the perimeter of the rectangle Confuses area and perimeter 
V04b 73 3 30 Length by width of rectangle not trapezium Able to calculate area by LxW 
V04b 74 1 60 Calculates with some iof the given numbers No understanding of area calculation 
V04b 79 1 Other incorrect No understanding of area calculation 
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Population 1 Items 
 
Item  1: PI01                                Infit MNSQ = 1.04 
                                                     Disc =  .38 
  
Categories          1         2         3         4         5         6 
  
Count              232       755       121       110       149         0 
Percent (%)       17.0      55.2       8.9       8.0      10.9        .0 
Pt-Biserial       -.29       .38      -.13      -.15      -.02        NA 
p-value           .000      .000      .000      .000      .224        NA 
Mean Ability      -.18       .30      -.08      -.13       .11        NA 
  
Step Labels                   1         2         3         4 
  
Thresholds                            -.38      -.15       .27 
Error                                  .00       .00       .00 
 
 
Item  2: PI02                                Infit MNSQ =  .98 
                                                     Disc =  .40 
  
 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     18439 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
     NA        NA        NA        NA 
     NA        NA        NA        NA       
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Categories          1         2         3         4         5         6 
  
Count              454       522       116       289         0         0 
Percent (%)       32.9      37.8       8.4      20.9        .0        .0 
Pt-Biserial       -.24       .45      -.08      -.20        NA        NA 
p-value           .000      .000      .001      .000        NA        NA 
Mean Ability      -.04       .41      -.03      -.07        NA        NA 
  
Step Labels                   1         2         3 
  
Thresholds                            -.53       .90 
Error                                  .00       .00 
. 
  
Item  3: PI03                                Infit MNSQ =  .91 
                                                     Disc =  .46 
  
Categories          1         2         3         4         5         6 
  
Count              233       124       357       622         0         0 
Percent (%)       17.4       9.3      26.7      46.6        .0        .0 
Pt-Biserial       -.27      -.17      -.19       .47        NA        NA 
p-value           .000      .000      .000      .000        NA        NA 
Mean Ability      -.17      -.15      -.04       .37        NA        NA 
  
     7         H         I         X      missing 
  
      0         0         0         0     18415 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
     NA        NA        NA        NA 
     NA        NA        NA        NA      
 
 
 
 
 
 
 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     18469 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
     NA        NA        NA        NA 
     NA        NA        NA        NA        
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Step Labels                   1         2         3 
  
Thresholds                            -.09       .51 
Error                                  .00       .00 
. 
  
Item  4: PI04                                Infit MNSQ = 7.16 
                                                     Disc =  .47 
  
Categories          1         2         3         4         5         6 
  
Count              149        78      1060        82         1         0 
Percent (%)       10.9       5.7      77.4       6.0        .1        .0 
Pt-Biserial       -.27      -.20       .48      -.29      -.01        NA 
p-value           .000      .000      .000      .000      .382        NA 
Mean Ability      -.27      -.27       .25      -.54      -.20        NA 
  
Step Labels                   1         2         3         4         5 
  
Thresholds                           -1.66     -1.30      -.88      -.88 
Error                                  .00       .00       .00       .00 
. 
  
 
 
 
 
 
 
 
 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     18433 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
     NA        NA        NA        NA 
     NA        NA        NA        NA       
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Item  5: PI05                                Infit MNSQ =  .74 
                                                     Disc =  .45 
  
Categories          1         2         3         4         5         6 
  
Count              686       136       151       406         6         0 
Percent (%)       49.5       9.8      10.9      29.3        .4        .0 
Pt-Biserial        .51      -.24      -.17      -.28      -.05        NA 
p-value           .000      .000      .000      .000      .026        NA 
Mean Ability       .37      -.24      -.12      -.09      -.22        NA 
  
Step Labels                   1         2         3         4         5 
  
Thresholds                            -.08       .11       .56       .56 
Error                                  .00       .00       .00       .00 
. 
  
Item  6: PI06                                Infit MNSQ =  .75 
                                                     Disc =  .41 
  
Categories          1         2         3         4         5         6 
  
Count               43        48       125      1113        38         0 
Percent (%)        3.1       3.5       9.1      81.4       2.8        .0 
Pt-Biserial       -.12      -.22      -.28       .43      -.17        NA 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     18416 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
     NA        NA        NA        NA 
     NA        NA        NA        NA         
 
 
 
 
 
 
 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     18425 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
APPENDIX XI  Analysis 2: Itanal 
 568 
p-value           .000      .000      .000      .000      .000        NA 
Mean Ability      -.23      -.50      -.32       .23      -.38        NA 
  
Step Labels                   1         2         3 
  
Thresholds                           -1.44      -.92 
Error                                  .00       .00 
. 
  
Item  7: PI07                                Infit MNSQ =  .76 
                                                     Disc =  .48 
  
Categories          1         2         3         4         5         6 
  
Count              275       174       112       712         0         0 
Percent (%)       21.6      13.7       8.8      55.9        .0        .0 
Pt-Biserial       -.30      -.26      -.17       .53        NA        NA 
p-value           .000      .000      .000      .000        NA        NA 
Mean Ability      -.14      -.15      -.10       .39        NA        NA 
  
Step Labels                   1         2         3 
  
Thresholds                            -.63       .28 
Error                                  .00       .00 
. 
     NA        NA        NA        NA 
     NA        NA        NA        NA        
 
 
 
 
 
 
 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     18532 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
     NA        NA        NA        NA 
     NA        NA        NA        NA       
 
 
 
 
 
 
APPENDIX XI  Analysis 2: Itanal 
 569 
Item  8: PI08                                Infit MNSQ = 1.19 
                                                     Disc =  .22 
  
Categories          1         2         3         4         5         6 
  
Count              699       137       140       376         0         0 
Percent (%)       51.7      10.1      10.4      27.8        .0        .0 
Pt-Biserial        .19      -.10      -.17      -.03        NA        NA 
p-value           .000      .000      .000      .148        NA        NA 
Mean Ability       .22      -.06      -.11       .12        NA        NA 
  
Step Labels                   1         2         3 
  
Thresholds                            -.31       .63 
Error                                  .00       .00 
. 
  
Item  9: PJ01                                Infit MNSQ = **** 
                                                     Disc =  .27 
  
Categories          1         2         3         4         5         6 
  
Count             1164        25       144        54         1         0 
Percent (%)       83.9       1.8      10.4       3.9        .1        .0 
Pt-Biserial        .28      -.10      -.20      -.15      -.01        NA 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     18452 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
     NA        NA        NA        NA 
     NA        NA        NA        NA        
 
 
 
 
 
 
 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     18410 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
APPENDIX XI  Analysis 2: Itanal 
 570 
p-value           .000      .000      .000      .000      .308        NA 
Mean Ability      -.01      -.57      -.41      -.53      -.24        NA 
  
Step Labels                   1         2         3         4         5 
  
Thresholds                           -2.34     -1.82     -1.82     -1.82 
Error                                  .00       .00       .00       .00 
  
  
Item  10: PJ02                                Infit MNSQ = 1.80 
                                                     Disc =  .41 
  
Categories          1         2         3         4         5         6 
  
Count               50       131       956       224         8         0 
Percent (%)        3.7       9.6      69.8      16.4        .6        .0 
Pt-Biserial       -.15      -.32       .40      -.15      -.04        NA 
p-value           .000      .000      .000      .000      .076        NA 
Mean Ability      -.57      -.72       .08      -.26      -.22        NA 
  
Step Labels                   1         2         3         4         5 
  
Thresholds                           -1.02      -.73      -.31      -.31 
Error                                  .00       .00       .00       .00 
. 
     NA        NA        NA        NA 
     NA        NA        NA        NA        
 
 
 
 
 
 
 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     18432 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
     NA        NA        NA        NA 
     NA        NA        NA        NA        
 
 
 
 
 
 
APPENDIX XI  Analysis 2: Itanal 
 571 
Item   11: PJ03                                Infit MNSQ = 1.03 
                                                     Disc =  .41 
  
Categories          1         2         3         4         5         6 
  
Count              181       108        60       957        69         0 
Percent (%)       13.2       7.9       4.4      69.6       5.0        .0 
Pt-Biserial       -.26      -.15      -.11       .44      -.24        NA 
p-value           .000      .000      .000      .000      .000        NA 
Mean Ability      -.46      -.40      -.38       .11      -.76        NA 
  
Step Labels                   1         2         3 
  
Thresholds                            -.80      -.32 
Error                                  .00       .00 
. 
  
Item   12: PJ04                                Infit MNSQ = 6.54 
                                                     Disc =  .46 
  
Categories          1         2         3         4         5         6 
  
Count              594       562        88       121         0         0 
Percent (%)       43.5      41.2       6.4       8.9        .0        .0 
Pt-Biserial       -.36       .50      -.11      -.14        NA        NA 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     18427 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
     NA        NA        NA        NA 
     NA        NA        NA        NA         
 
 
 
 
 
 
 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     18428 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
APPENDIX XI  Analysis 2: Itanal 
 572 
p-value           .000      .000      .000      .000        NA        NA 
Mean Ability      -.32       .29      -.32      -.35        NA        NA 
  
Step Labels                   1         2         3 
  
Thresholds                            1.50      1.75 
Error                                  .00       .00 
. 
  
Item   13: PJ05                                Infit MNSQ = 6.23 
                                                     Disc =  .36 
  
Categories          1         2         3         4         5         6 
  
Count              270       362       238       456         0         0 
Percent (%)       20.4      27.3      17.9      34.4        .0        .0 
Pt-Biserial       -.19      -.11      -.19       .42        NA        NA 
p-value           .000      .000      .000      .000        NA        NA 
Mean Ability      -.28      -.17      -.30       .28        NA        NA 
  
Step Labels                   1         2         3 
  
Thresholds                            1.50      1.98 
Error                                  .00       .00 
. 
     NA        NA        NA        NA 
     NA        NA        NA        NA        
 
 
 
 
 
 
 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     18476 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
     NA        NA        NA        NA 
     NA        NA        NA        NA         
  
 
  
 
 
 
APPENDIX XI  Analysis 2: Itanal 
 573 
Item   14: PJ06                                Infit MNSQ = 1.64 
                                                     Disc =  .00 
  
Categories          1         2         3         4         5         6 
  
Count              921        60       126       263         0         0 
Percent (%)       67.2       4.4       9.2      19.2        .0        .0 
Pt-Biserial        .34      -.14      -.24      -.16        NA        NA 
p-value           .000      .000      .000      .000        NA        NA 
Mean Ability       .07      -.43      -.57      -.26        NA        NA 
  
Step Labels                   1         2 
  
Thresholds                            1.95 
Error                                  .00 
 
  
Item   15: PJ07                                Infit MNSQ = 1.30 
                                                     Disc =  .41 
  
Categories          1         2         3         4         5         6 
  
Count              258       127       117       875         0         0 
Percent (%)       18.7       9.2       8.5      63.5        .0        .0 
Pt-Biserial       -.31      -.19      -.15       .46        NA        NA 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     18421 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
     NA        NA        NA        NA 
     NA        NA        NA        NA         
  
 
 
 
 
 
 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     18415 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
APPENDIX XI  Analysis 2: Itanal 
 574 
p-value           .000      .000      .000      .000        NA        NA 
Mean Ability      -.46      -.44      -.32       .14        NA        NA 
  
Step Labels                   1         2         3 
  
Thresholds                            -.88       .65 
Error                                  .00       .00 
. 
  
Item   16: PJ08                                Infit MNSQ = 1.19 
                                                     Disc =  .53 
  
Categories          1         2         3         4         5         6 
  
Count              115       219       661       346         0         0 
Percent (%)        8.6      16.3      49.3      25.8        .0        .0 
Pt-Biserial       -.25      -.08       .53      -.38        NA        NA 
p-value           .000      .002      .000      .000        NA        NA 
Mean Ability      -.56      -.17       .26      -.42        NA        NA 
  
Step Labels                   1         2         3         4 
  
Thresholds                            -.19       .05       .35 
Error                                  .00       .00       .00 
. 
     NA        NA        NA        NA 
     NA        NA        NA        NA      
 
 
 
 
 
 
 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     18458 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
     NA        NA        NA        NA 
     NA        NA        NA        NA       
 
 
 
 
 
 
APPENDIX XI  Analysis 2: Itanal 
 575 
Item   17: PJ09                                Infit MNSQ =  .82 
                                                     Disc =  .00 
  
Categories          1         2         3         4         5         6 
  
Count              159        54       101      1043         0         0 
Percent (%)       11.7       4.0       7.4      76.9        .0        .0 
Pt-Biserial       -.25      -.19      -.18       .39        NA        NA 
p-value           .000      .000      .000      .000        NA        NA 
Mean Ability      -.57      -.87      -.46       .04        NA        NA 
  
Step Labels                   1         2 
  
Thresholds                           -1.09 
Error                                  .00 
  
  
Item   18: PK01                                Infit MNSQ = 1.04 
                                                     Disc =  .00 
  
Categories          1         2         3         4         5         6 
  
Count              901        87       162       199         0         0 
Percent (%)       66.8       6.4      12.0      14.8        .0        .0 
Pt-Biserial        .35      -.17      -.14      -.23        NA        NA 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     18445 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
     NA        NA        NA        NA 
     NA        NA        NA        NA       
 
 
 
 
 
 
 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     18452 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
APPENDIX XI  Analysis 2: Itanal 
 576 
p-value           .000      .000      .000      .000        NA        NA 
Mean Ability      -.54      -.93      -.66      -.87        NA        NA 
  
Step Labels                   1         2 
  
Thresholds                            -.43 
Error                                  .00 
  
  
Item   19: PK02                                Infit MNSQ = 1.00 
                                                     Disc =  .00 
  
Categories          1         2         3         4         5         6 
  
Count              168       134       935       125         0         0 
Percent (%)       12.3       9.8      68.6       9.2        .0        .0 
Pt-Biserial       -.21      -.19       .37      -.15        NA        NA 
p-value           .000      .000      .000      .000        NA        NA 
Mean Ability      -.79      -.82      -.55      -.71        NA        NA 
  
Step Labels                   1         2 
  
Thresholds                            -.53 
Error                                  .00 
  
     NA        NA        NA        NA 
     NA        NA        NA        NA       
 
 
 
 
 
 
 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     18431 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
     NA        NA        NA        NA 
     NA        NA        NA        NA       
 
 
 
 
 
 
APPENDIX XI  Analysis 2: Itanal 
 577 
Item   20: PK03                                Infit MNSQ = 1.54 
                                                     Disc =  .00 
  
Categories          1         2         3         4         5         6 
  
Count              360       186       148       618         0         0 
Percent (%)       27.4      14.2      11.3      47.1        .0        .0 
Pt-Biserial       -.09      -.24      -.23       .39        NA        NA 
p-value           .001      .000      .000      .000        NA        NA 
Mean Ability      -.65      -.86      -.84      -.48        NA        NA 
  
Step Labels                   1         2 
  
Thresholds                             .53 
Error                                  .00 
  
  
Item   21: PK04                                Infit MNSQ = 2.30 
                                                     Disc =  .48 
  
Categories          1         2         3         4         5         6 
  
Count              634       310       207       212         0         0 
Percent (%)       46.5      22.7      15.2      15.6        .0        .0 
Pt-Biserial        .51      -.18      -.18      -.32        NA        NA 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     18497 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
     NA        NA        NA        NA 
     NA        NA        NA        NA       
 
 
 
 
 
 
 
 
 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     18441 
APPENDIX XI  Analysis 2: Itanal 
 578 
p-value           .000      .000      .000      .000        NA        NA 
Mean Ability      -.44      -.70      -.75      -.94        NA        NA 
  
Step Labels                   1         2         3 
  
Thresholds                             .03       .47 
Error                                  .00       .00 
  
  
Item   22: PK05                                Infit MNSQ = 1.10 
                                                     Disc =  .27 
  
Categories          1         2         3         4         5         6 
  
Count              100       952       265        70         0         0 
Percent (%)        7.2      68.6      19.1       5.0        .0        .0 
Pt-Biserial       -.09       .31      -.16      -.24        NA        NA 
p-value           .000      .000      .000      .000        NA        NA 
Mean Ability      -.80      -.57      -.71     -1.06        NA        NA 
  
Step Labels                   1         2         3 
  
Thresholds                            -.97      -.32 
Error                                  .00       .00 
  
     .0        .0        .0        .0 
     NA        NA        NA        NA 
     NA        NA        NA        NA 
     NA        NA        NA        NA       
 
 
 
 
 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     18410 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
     NA        NA        NA        NA 
     NA        NA        NA        NA       
 
 
 
 
 
 
APPENDIX XI  Analysis 2: Itanal 
 579 
Item   23: PK06                                Infit MNSQ =  .28 
                                                     Disc =  .33 
  
Categories          1         2         3         4         5         6 
  
Count              284       104       764       210         4         0 
Percent (%)       20.8       7.6      55.9      15.4        .3        .0 
Pt-Biserial       -.14      -.26       .35      -.14       .05        NA 
p-value           .000      .000      .000      .000      .045        NA 
Mean Ability      -.73      -.91      -.53      -.67       .06        NA 
  
Step Labels                   1         2         3         4         5 
  
Thresholds                            -.22       .29       .29       .29 
Error                                  .00       .00       .00       .00 
  
  
Item   24: PK08                                Infit MNSQ = 1.65 
                                                     Disc =  .34 
  
Categories          1         2         3         4         5         6 
  
Count               68       148        92      1023        26         0 
Percent (%)        5.0      10.9       6.8      75.4       1.9        .0 
Pt-Biserial       -.16      -.25      -.25       .39       .03        NA 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     18432 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
     NA        NA        NA        NA 
     NA        NA        NA        NA       
 
 
 
 
 
 
 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     18443 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
APPENDIX XI  Analysis 2: Itanal 
 580 
p-value           .000      .000      .000      .000      .161        NA 
Mean Ability      -.77      -.84      -.94      -.55      -.30        NA 
  
Step Labels                   1         2         3         4         5 
  
Thresholds                           -1.25      -.73      -.73      -.73 
Error                                  .00       .00       .00       .00 
  
  
Item   25: PK09                                Infit MNSQ = 1.65 
                                                     Disc =  .29 
  
Categories          1         2         3         4         5         6 
  
Count              415       461        77       180       224         0 
Percent (%)       30.6      34.0       5.7      13.3      16.5        .0 
Pt-Biserial       -.22       .28      -.15      -.04       .06        NA 
p-value           .000      .000      .000      .060      .020        NA 
Mean Ability      -.72      -.50      -.85      -.67      -.57        NA 
  
Step Labels                   1         2         3 
  
Thresholds                           -1.44      1.47 
Error                                  .00       .00 
  
     NA        NA        NA        NA 
     NA        NA        NA        NA       
 
 
 
 
 
 
 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     18441 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
     NA        NA        NA        NA 
     NA        NA        NA        NA       
 
 
 
 
 
 
APPENDIX XI  Analysis 2: Itanal 
 581 
Item   26: PL01                                Infit MNSQ = 1.71 
                                                     Disc =  .56 
  
Categories          1         2         3         4         5         6 
  
Count              703       218        58        85       227         0 
Percent (%)       54.5      16.9       4.5       6.6      17.6        .0 
Pt-Biserial        .57      -.31      -.03      -.10      -.36        NA 
p-value           .000      .000      .108      .000      .000        NA 
Mean Ability      -.35      -.74      -.56      -.63      -.78        NA 
  
Step Labels                   1         2         3 
  
Thresholds                            -.41       .48 
Error                                  .00       .00 
  
  
Item   27: PL03                                Infit MNSQ = 1.24 
                                                     Disc =  .17 
  
Categories          1         2         3         4         5         6 
  
Count             1215        56        93        23         0         0 
Percent (%)       87.6       4.0       6.7       1.7        .0        .0 
Pt-Biserial        .24      -.09      -.13      -.22        NA        NA 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     18519 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
     NA        NA        NA        NA 
     NA        NA        NA        NA      
 
 
 
 
 
 
 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     18414 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
APPENDIX XI  Analysis 2: Itanal 
 582 
p-value           .000      .000      .000      .000        NA        NA 
Mean Ability      -.50      -.65      -.65     -1.18        NA        NA 
  
Step Labels                   1         2         3         4 
  
Thresholds                           -1.92     -1.84     -1.76 
Error                                  .00       .00       .00 
  
  
Item   28: PL05                                Infit MNSQ = 2.89 
                                                     Disc =  .37 
  
Categories          1         2         3         4         5         6 
  
Count              275       388       666        62         0         0 
Percent (%)       19.8      27.9      47.9       4.5        .0        .0 
Pt-Biserial       -.16      -.29       .42      -.07        NA        NA 
p-value           .000      .000      .000      .005        NA        NA 
Mean Ability      -.63      -.66      -.41      -.67        NA        NA 
  
Step Labels                   1         2         3 
  
Thresholds                             .31       .60 
Error                                  .00       .00 
  
     NA        NA        NA        NA 
     NA        NA        NA        NA      
 
 
 
 
 
 
 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     18411 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
     NA        NA        NA        NA 
     NA        NA        NA        NA       
 
 
 
 
 
 
APPENDIX XI  Analysis 2: Itanal 
 583 
Item   29: PL06                                Infit MNSQ = 1.88 
                                                     Disc =  .37 
  
Categories          1         2         3         4         5         6 
  
Count              378       673       235        87         0         0 
Percent (%)       27.5      49.0      17.1       6.3        .0        .0 
Pt-Biserial       -.32       .41      -.06      -.15        NA        NA 
p-value           .000      .000      .015      .000        NA        NA 
Mean Ability      -.68      -.41      -.55      -.72        NA        NA 
  
Step Labels                   1         2         3 
  
Thresholds                            -.14       .43 
Error                                  .00       .00 
  
  
Item   30: PL07                                Infit MNSQ = 2.06 
                                                     Disc =  .44 
  
Categories          1         2         3         4         5         6 
  
Count              457       155       553       167         0         0 
Percent (%)       34.3      11.6      41.5      12.5        .0        .0 
Pt-Biserial       -.39      -.14       .49      -.04        NA        NA 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     18422 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
     NA        NA        NA        NA 
     NA        NA        NA        NA      
 
 
 
 
 
 
 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     18477 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
APPENDIX XI  Analysis 2: Itanal 
 584 
p-value           .000      .000      .000      .078        NA        NA 
Mean Ability      -.68      -.62      -.36      -.54        NA        NA 
  
Step Labels                   1         2         3 
  
Thresholds                             .00       .64 
Error                                  .00       .00 
. 
  
Item   31: PL09                                Infit MNSQ =  .36 
                                                     Disc =  .37 
  
Categories          1         2         3         4         5         6 
  
Count              863       193        89       205        10         0 
Percent (%)       63.5      14.2       6.5      15.1        .7        .0 
Pt-Biserial        .37      -.13      -.22      -.24       .06        NA 
p-value           .000      .000      .000      .000      .015        NA 
Mean Ability      -.44      -.56      -.79      -.70      -.06        NA 
  
Step Labels                   1         2         3         4         5 
  
Thresholds                            -.53      -.40       .06       .06 
Error                                  .00       .00       .00       .00 
  
     NA        NA        NA        NA 
     NA        NA        NA        NA       
 
 
 
 
 
 
 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     18436 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
     NA        NA        NA        NA 
     NA        NA        NA        NA       
 
 
 
 
 
 
APPENDIX XI  Analysis 2: Itanal 
 585 
Item   32: PM01                                Infit MNSQ =  .88 
                                                     Disc =  .28 
  
Categories          1         2         3         4         5         6 
  
Count              193       972        67        57        45         0 
Percent (%)       14.5      72.9       5.0       4.3       3.4        .0 
Pt-Biserial       -.23       .29      -.14      -.09       .01        NA 
p-value           .000      .000      .000      .000      .328        NA 
Mean Ability      -.61      -.39      -.62      -.54      -.23        NA 
  
Step Labels                   1         2         3         4         5 
  
Thresholds                           -1.08      -.88      -.43      -.43 
Error                                  .00       .00       .00       .00 
  
  
Item   33: PM02                                Infit MNSQ = 2.31 
                                                     Disc =  .50 
  
Categories          1         2         3         4         5         6 
  
Count              669        33        69        76       429         0 
Percent (%)       52.4       2.6       5.4       6.0      33.6        .0 
Pt-Biserial        .47      -.05       .00      -.04      -.45        NA 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     18460 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
     NA        NA        NA        NA 
     NA        NA        NA        NA      
 
 
 
 
 
 
 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     18506 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
APPENDIX XI  Analysis 2: Itanal 
 586 
p-value           .000      .032      .434      .073      .000        NA 
Mean Ability      -.27      -.42      -.39      -.46      -.63        NA 
  
Step Labels                   1         2         3 
  
Thresholds                             .22       .55 
Error                                  .00       .00 
  
  
Item   34: PM03                                Infit MNSQ =  .91 
                                                     Disc =  .00 
  
Categories          1         2         3         4         5         6 
  
Count              862        50        82        73        74         0 
Percent (%)       75.5       4.4       7.2       6.4       6.5        .0 
Pt-Biserial        .41      -.17      -.21      -.22      -.13        NA 
p-value           .000      .000      .000      .000      .000        NA 
Mean Ability      -.34      -.66      -.59      -.72      -.55        NA 
  
Step Labels                   1         2 
  
Thresholds                            -.77 
Error                                  .00 
  
     NA        NA        NA        NA 
     NA        NA        NA        NA       
 
 
 
 
 
 
 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     18678 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
     NA        NA        NA        NA 
     NA        NA        NA        NA        
 
 
 
 
 
 
APPENDIX XI  Analysis 2: Itanal 
 587 
Item   35: PM04                                Infit MNSQ =  .72 
                                                     Disc =  .52 
  
Categories          1         2         3         4         5         6 
  
Count              723       112       404        19         0         0 
Percent (%)       57.5       8.9      32.1       1.5        .0        .0 
Pt-Biserial        .51      -.11      -.48       .03        NA        NA 
p-value           .000      .000      .000      .130        NA        NA 
Mean Ability      -.28      -.48      -.62      -.20        NA        NA 
  
Step Labels                   1         2         3         4 
  
Thresholds                            -.19      -.04       .62 
Error                                  .00       .00       .00 
  
  
Item   36: PM05                                Infit MNSQ = 3.76 
                                                     Disc =  .31 
  
Categories          1         2         3         4         5         6 
  
Count              701        44       459       139         0         0 
Percent (%)       52.2       3.3      34.2      10.3        .0        .0 
Pt-Biserial       -.28      -.06       .35      -.04        NA        NA 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     18555 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
     NA        NA        NA        NA 
     NA        NA        NA        NA        
 
 
 
 
 
 
 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     18456 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
APPENDIX XI  Analysis 2: Itanal 
 588 
p-value           .000      .013      .000      .074        NA        NA 
Mean Ability      -.51      -.50      -.30      -.44        NA        NA 
  
Step Labels                   1         2         3 
  
Thresholds                             .78      1.01 
Error                                  .00       .00 
  
  
Item   37: PM06                                Infit MNSQ = 1.04 
                                                     Disc =  .43 
  
Categories          1         2         3         4         5         6 
  
Count              915       150        98       173         0         0 
Percent (%)       68.5      11.2       7.3      12.9        .0        .0 
Pt-Biserial        .49      -.20      -.28      -.27        NA        NA 
p-value           .000      .000      .000      .000        NA        NA 
Mean Ability      -.32      -.58      -.74      -.62        NA        NA 
  
Step Labels                   1         2         3 
  
Thresholds                            -.66      -.17 
Error                                  .00       .00 
  
     NA        NA        NA        NA 
     NA        NA        NA        NA       
 
 
 
 
 
 
 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     18468 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
     NA        NA        NA        NA 
     NA        NA        NA        NA       
 
 
 
 
 
 
APPENDIX XI  Analysis 2: Itanal 
 589 
Item   38: PM07                                Infit MNSQ = 2.33 
                                                     Disc =  .32 
  
Categories          1         2         3         4         5         6 
  
Count              539       145       233       433         0         0 
Percent (%)       39.9      10.7      17.3      32.1        .0        .0 
Pt-Biserial        .40      -.17      -.16      -.17        NA        NA 
p-value           .000      .000      .000      .000        NA        NA 
Mean Ability      -.29      -.60      -.54      -.48        NA        NA 
  
Step Labels                   1         2         3 
  
Thresholds                             .28       .75 
Error                                  .00       .00 
  
  
Item   39: PM08                                Infit MNSQ = 9.57 
                                                     Disc =  .25 
  
Categories          1         2         3         4         5         6 
  
Count              117        56        87      1091         0        10 
Percent (%)        8.6       4.1       6.4      80.2        .0        .7 
Pt-Biserial       -.11      -.21      -.23       .33        NA      -.01 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     18452 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
     NA        NA        NA        NA 
     NA        NA        NA        NA       
 
 
 
 
 
 
 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     18435 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
APPENDIX XI  Analysis 2: Itanal 
 590 
p-value           .000      .000      .000      .000        NA      .339 
Mean Ability      -.50      -.75      -.74      -.39        NA      -.39 
  
Step Labels                   1         2         3         4         5 
  
Thresholds                           -1.86     -1.55     -1.22     -1.22     -
1. 
Error                                  .00       .00       .00       .00         
  
  
Item   40: PM09                                Infit MNSQ =  .37 
                                                     Disc =  .41 
  
Categories          1         2         3         4         5         6 
  
Count              858       209       126       119         0        69 
Percent (%)       62.1      15.1       9.1       8.6        .0       5.0 
Pt-Biserial        .39      -.20      -.29      -.13        NA       .01 
p-value           .000      .000      .000      .000        NA      .366 
Mean Ability      -.31      -.56      -.71      -.53        NA      -.03 
  
Step Labels                   1         2         3         4         5 
  
Thresholds                            -.91      -.38      -.10      -.10      
Error                                  .00       .00       .00       .00         
     NA        NA        NA        NA 
     NA        NA        NA        NA        
 
 
 
 
 
 
 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     18525 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
     NA        NA        NA        NA 
     NA        NA        NA        NA        
 
 
 
 
APPENDIX XI  Analysis 2: Itanal 
 591 
Item   41: PS01                                Infit MNSQ =  .92 
                                                     Disc =  .50 
  
Categories          1         2         3         4         5         6 
  
Count             1219       125        67       109        14       572 
Percent (%)       57.9       5.9       3.2       5.2        .7      27.2 
Pt-Biserial        .51      -.09       .02      -.04      -.06      -.49 
p-value           .000      .000      .164      .026      .003      .000 
Mean Ability       .37      -.03       .21       .07      -.24      -.25 
  
Step Labels                   1         2         3 
  
Thresholds                            -.02       .22 
Error                                  .00       .00 
  
  
Item   42: PS02                                Infit MNSQ = 1.26 
                                                     Disc =  .61 
  
Categories          1         2         3         4         5         6 
  
Count             1411       612         7        65       134       279 
Percent (%)       56.1      24.3        .3       2.6       5.3      11.1 
Pt-Biserial        .62      -.33      -.01      -.05      -.17      -.36 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     17728 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
     NA        NA        NA        NA 
     NA        NA        NA        NA        
 
 
 
 
 
 
 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     17258 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
APPENDIX XI  Analysis 2: Itanal 
 592 
p-value           .000      .000      .359      .003      .000      .000 
Mean Ability       .36      -.24      -.01      -.10      -.26      -.45 
  
Step Labels                   1         2         3         4 
  
Thresholds                             .19       .36       .46 
Error                                  .00       .00       .00 
  
  
Item   43: PS03                                Infit MNSQ = 1.02 
                                                     Disc =  .55 
  
Categories          1         2         3         4         5         6 
  
Count              614       344        33        21       496       735 
Percent (%)       26.8      15.0       1.4        .9      21.7      32.1 
Pt-Biserial        .45       .21       .01      -.05      -.22      -.37 
p-value           .000      .000      .311      .009      .000      .000 
Mean Ability       .49       .37       .12      -.14      -.10      -.19 
  
Step Labels                   1         2         3         4         5 
  
Thresholds                             .66       .79       .96      1.23      
1. 
Error                                  .00       .00       .00       .00         
     NA        NA        NA        NA 
     NA        NA        NA        NA        
 
 
 
 
 
 
 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     17534 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
     NA        NA        NA        NA 
     NA        NA        NA        NA      
 
 
 
 
 
APPENDIX XI  Analysis 2: Itanal 
 593 
Item   44: PS04                                Infit MNSQ =  .94 
                                                     Disc =  .58 
  
Categories          1         2         3         4         5         6 
  
Count             1329       248        73       203        16        83 
Percent (%)       56.1      10.5       3.1       8.6        .7       3.5 
Pt-Biserial        .57      -.27      -.01      -.19      -.06      -.03 
p-value           .000      .000      .320      .000      .003      .091 
Mean Ability       .36      -.31       .08      -.19      -.19       .06 
  
Step Labels                   1         2         3         4 
  
Thresholds                            -.19       .13       .36 
Error                                  .00       .00       .00 
  
  
Item   45: PS05                                Infit MNSQ = 1.24 
                                                     Disc =  .37 
  
Categories          1         2         3         4         5         6 
  
Count              781       677       170       107       113       192 
Percent (%)       32.6      28.3       7.1       4.5       4.7       8.0 
Pt-Biserial        .05       .24       .07      -.06      -.03      -.06 
 
 
 
     7         H         I         X      missing 
    52       376         0         0     17430 
    2.2      15.9        .0        .0 
   -.05      -.37        NA        NA 
   .007      .000        NA        NA 
    .44       .10        NA        NA      
 
 
 
 
 
 
 
 
 
 
 
     7         H         I         X      missing 
  
     74       315         0         0     17422 
    3.1      13.2        .0        .0 
   -.01      -.38        NA        NA 
APPENDIX XI  Analysis 2: Itanal 
 594 
p-value           .011      .000      .000      .001      .098      .001 
Mean Ability       .11       .31       .24      -.05       .04       .01 
  
Step Labels                   1         2         3         4 
  
Thresholds                            -.44      -.03       .21 
Error                                  .00       .00       .00 
  
  
Item   46: PT01A                               Infit MNSQ = 5.39 
                                                     Disc =  .30 
  
Categories          1         2         3         4         5         6 
  
Count             2196        95       223         9        63         4 
Percent (%)       81.8       3.5       8.3        .3       2.3        .1 
Pt-Biserial        .37      -.17      -.38      -.01      -.01       .02 
p-value           .000      .000      .000      .253      .383      .139 
Mean Ability      -.25      -.79     -1.08      -.22      -.28       .01 
  
Step Labels                   1         2         3         4         5 
  
Thresholds                           -1.55     -1.46     -1.22     -1.03        
 
Error                                  .00       .00       .00       .00         
   .373      .000        NA        NA 
    .63       .05        NA        NA       
 
 
 
 
 
 
 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     17106 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
     NA        NA        NA        NA 
     NA        NA        NA        NA       
 
 
 
 
 
APPENDIX XI  Analysis 2: Itanal 
 595 
Item   47: PT01B                               Infit MNSQ = 1.99 
                                                     Disc =  .52 
  
Categories          1         2         3         4         5         6 
  
Count              870         6        29        71       670        20 
Percent (%)       33.4        .2       1.1       2.7      25.7        .8 
Pt-Biserial        .43      -.01      -.01       .08       .12      -.02 
p-value           .000      .394      .250      .000      .000      .185 
Mean Ability      -.01      -.28      -.25      -.05      -.23      -.29 
  
Step Labels                   1         2         3 
  
Thresholds                             .22      1.13 
Error                                  .00       .00 
  
  
Item   48: PT02                                Infit MNSQ = 2.25 
                                                     Disc =  .49 
  
Categories          1         2         3         4         5         6 
  
Count             1590        36       190        48       127       142 
Percent (%)       61.4       1.4       7.3       1.9       4.9       5.5 
Pt-Biserial        .53      -.05      -.22      -.12      -.06      -.07 
 
 
 
     7         H         I         X      missing 
  
    185       115       698         0     17196 
    7.1       4.4      26.8        .0 
   -.06      -.19      -.50        NA 
   .001      .000      .000        NA 
    .46      -.03       .01        NA        
 
 
 
 
 
 
 
 
 
 
     7         H         I         X      missing 
  
     32       413         0         0     17208 
    1.2      15.9        .0        .0 
   -.06      -.40        NA        NA 
APPENDIX XI  Analysis 2: Itanal 
 596 
p-value           .000      .006      .000      .000      .001      .000 
Mean Ability      -.11      -.49      -.73      -.76      -.42      -.43 
  
Step Labels                   1         2         3         4 
  
Thresholds                            -.30       .19       .28 
Error                                  .00       .00       .00 
  
  
Item   49: PT03                                Infit MNSQ = 1.27 
                                                     Disc =  .46 
  
Categories          1         2         3         4         5         6 
  
Count             1497        32        18       118       330       168 
Percent (%)       59.1       1.3        .7       4.7      13.0       6.6 
Pt-Biserial        .50      -.03      -.02      -.16      -.12      -.13 
p-value           .000      .091      .176      .000      .000      .000 
Mean Ability      -.11      -.44      -.31      -.64      -.43      -.54 
  
Step Labels                   1         2         3 
  
Thresholds                            -.31       .13 
Error                                  .00       .00 
  
   .001      .000        NA        NA 
    .23      -.06        NA        NA      
 
 
 
 
 
 
 
 
 
 
     7         H         I         X      missing 
  
    422         0         0         0     17234 
   16.4        .0        .0        .0 
   -.42        NA        NA        NA 
   .000        NA        NA        NA 
   -.05        NA        NA        NA        
 
 
 
 
 
 
APPENDIX XI  Analysis 2: Itanal 
 597 
Item   50: PT04A                               Infit MNSQ = 1.42 
                                                     Disc =  .00 
  
Categories          1         2         3         4         5         6 
  
Count              664       164       166       212       436       558 
Percent (%)       28.7       7.1       7.2       9.2      18.9      24.1 
Pt-Biserial        .40       .13      -.15      -.11      -.22      -.03 
p-value           .000      .000      .000      .000      .000      .058 
Mean Ability       .01      -.02      -.53      -.43      -.49      -.30 
  
Step Labels                   1         2 
  
Thresholds                            1.12 
Error                                  .00 
  
  
Item   51: PT04B                               Infit MNSQ = 1.97 
                                                     Disc =  .00 
  
Categories          1         2         3         4         5         6 
  
Count              517       122       276       493       316       399 
Percent (%)       23.1       5.4      12.3      22.0      14.1      17.8 
Pt-Biserial        .31       .15      -.18      -.01      -.16      -.01 
 
 
 
     7         H         I         X      missing 
  
    108         0         0         0     17485 
    4.7        .0        .0        .0 
   -.21        NA        NA        NA 
   .000        NA        NA        NA 
   -.02        NA        NA        NA        
 
 
 
 
 
 
 
 
 
 
     7         H         I         X      missing 
  
     86         0         0         0     17589 
    3.9        .0        .0        .0 
   -.20        NA        NA        NA 
APPENDIX XI  Analysis 2: Itanal 
 598 
p-value           .000      .000      .000      .346      .000      .402 
Mean Ability       .01       .07      -.51      -.29      -.46      -.28 
  
Step Labels                   1         2 
  
Thresholds                            1.75 
Error                                  .00 
  
  
Item   52: PT05                                Infit MNSQ =  .86 
                                                     Disc =  .00 
  
Categories          1         2         3         4         5         6 
  
Count             1636       248        37        15        63        93 
Percent (%)       66.3      10.0       1.5        .6       2.6       3.8 
Pt-Biserial        .25       .03      -.03      -.01      -.11      -.14 
p-value           .000      .086      .061      .269      .000      .000 
Mean Ability      -.23      -.28      -.38      -.39      -.59      -.63 
  
Step Labels                   1         2 
  
Thresholds                            -.76 
Error                                  .00 
  
   .000        NA        NA        NA 
   -.03        NA        NA        NA       
 
 
 
 
 
 
 
 
 
 
     7         H         I         X      missing 
  
    417         0         0         0     17355 
   17.0        .0        .0        .0 
   -.24        NA        NA        NA 
   .000        NA        NA        NA 
    .29        NA        NA        NA       
 
 
 
 
 
 
APPENDIX XI  Analysis 2: Itanal 
 599 
Item   53: PU01                                Infit MNSQ = 1.26 
                                                     Disc =  .00 
  
Categories          1         2         3         4         5         6 
  
Count             1312        53       353       112       363       516 
Percent (%)       48.4       2.0      13.0       4.1      13.4      19.0 
Pt-Biserial        .36       .01       .05      -.01      -.26      -.28 
p-value           .000      .313      .004      .277      .000      .000 
Mean Ability      -.45      -.55      -.49      -.59      -.81      -.77 
  
Step Labels                   1         2 
  
Thresholds                            -.03 
Error                                  .00 
  
  
Item   54: PU03A                               Infit MNSQ =  .22 
                                                     Disc =  .52 
  
Categories          1         2         3         4         5         6 
  
Count             1731       153       688         6         0         0 
Percent (%)       67.1       5.9      26.7        .2        .0        .0 
Pt-Biserial        .54      -.24      -.45       .02        NA        NA 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     17087 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
     NA        NA        NA        NA 
     NA        NA        NA        NA       
 
 
 
 
 
 
 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     17215 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
APPENDIX XI  Analysis 2: Itanal 
 600 
p-value           .000      .000      .000      .114        NA        NA 
Mean Ability      -.45      -.83      -.82      -.18        NA        NA 
  
Step Labels                   1         2         3         4 
  
Thresholds                            -.61       .06       .06 
Error                                  .00       .00       .00 
  
  
Item   55: PU03B                               Infit MNSQ =  .47 
                                                     Disc =  .52 
  
Categories          1         2         3         4         5         6 
  
Count             1285       684       537        11         2         7 
Percent (%)       50.9      27.1      21.3        .4        .1        .3 
Pt-Biserial        .54      -.21      -.44       .00       .01       .05 
p-value           .000      .000      .000      .443      .353      .010 
Mean Ability      -.39      -.68      -.86      -.41      -.34      -.02 
  
Step Labels                   1         2         3         4         5 
  
Thresholds                             .09       .50       .50       .74      
1. 
Error                                  .00       .00       .00       .00         
     NA        NA        NA        NA 
     NA        NA        NA        NA       
 
 
 
 
 
 
 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     17270 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
     NA        NA        NA        NA 
     NA        NA        NA        NA        
 
 
 
 
 
APPENDIX XI  Analysis 2: Itanal 
 601 
Item   56: PU03C                               Infit MNSQ = 8.99 
                                                     Disc =  .22 
  
Categories          1         2         3         4         5         6 
  
Count             1888       203       237       108         7        68 
Percent (%)       75.0       8.1       9.4       4.3        .3       2.7 
Pt-Biserial        .18       .02      -.10      -.27      -.01       .00 
p-value           .000      .212      .000      .000      .400      .500 
Mean Ability      -.54      -.54      -.68     -1.03      -.38      -.37 
  
Step Labels                   1         2         3         4         5 
  
Thresholds                           -1.59     -1.25     -1.25     -1.25     -
1. 
Error                                  .00       .00       .00       .00       
. 
  
Item   57: PU04                                Infit MNSQ =  .33 
                                                     Disc =  .49 
  
Categories          1         2         3         4         5         6 
  
Count             1266       569        13        80        61       513 
Percent (%)       49.5      22.2        .5       3.1       2.4      20.0 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     17289 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
     NA        NA        NA        NA 
     NA        NA        NA        NA        
 
 
 
 
 
 
 
 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     17233 
     .0        .0        .0        .0 
APPENDIX XI  Analysis 2: Itanal 
 602 
Pt-Biserial        .43       .04       .00      -.09      -.08      -.52 
p-value           .000      .023      .468      .000      .000      .000 
Mean Ability      -.42      -.53      -.53      -.71      -.70      -.93 
  
Step Labels                   1         2         3         4         5 
  
Thresholds                            -.41      -.34      -.03      -.03    
Error                                  .00       .00       .00       .00  
  
Item   58: PU05                                Infit MNSQ = 1.27 
                                                     Disc =  .46 
  
Categories          1         2         3         4         5         6 
  
Count             1132       608        35        84        43       110 
Percent (%)       45.4      24.4       1.4       3.4       1.7       4.4 
Pt-Biserial        .32       .15       .01      -.15      -.10      -.10 
p-value           .000      .000      .321      .000      .000      .000 
Mean Ability      -.45      -.48      -.39      -.77      -.81      -.69 
  
Step Labels                   1         2         3 
  
Thresholds                            -.59      -.16 
Error                                  .00       .00 
  
     NA        NA        NA        NA 
     NA        NA        NA        NA 
     NA        NA        NA        NA        
 
 
 
 
 
 
 
 
 
     7         H         I         X      missing 
  
    456         0         0         0     17273 
   18.0        .0        .0        .0 
   -.45        NA        NA        NA 
   .000        NA        NA        NA 
   -.17        NA        NA        NA        
 
 
 
 
 
 
APPENDIX XI  Analysis 2: Itanal 
 603 
Item   59: PV01                                Infit MNSQ = 1.48 
                                                     Disc =  .39 
  
Categories          1         2         3         4         5         6 
  
Count              678       100       288       269       137        14 
Percent (%)       29.8       4.4      12.7      11.8       6.0        .6 
Pt-Biserial        .39      -.06      -.02      -.18       .02      -.09 
p-value           .000      .003      .185      .000      .177      .000 
Mean Ability      -.26      -.46      -.43      -.55      -.40      -.78 
  
Step Labels                   1         2         3 
  
Thresholds                           -1.38      1.23 
Error                                  .00       .00 
  
  
Item   60: PV02                                Infit MNSQ =  .35 
                                                     Disc =  .57 
  
Categories          1         2         3         4         5         6 
  
Count             1320       410       185       483        64        13 
Percent (%)       53.3      16.5       7.5      19.5       2.6        .5 
Pt-Biserial        .52      -.10      -.12      -.50       .01       .03 
 
 
 
     7         H         I         X      missing 
  
     88       315       473         0     17556 
    3.9      14.0      21.1        .0 
   -.22      -.09      -.09        NA 
   .000      .000      .000        NA 
   -.10       .46       .51        NA       
 
 
 
 
 
 
 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     17334 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
APPENDIX XI  Analysis 2: Itanal 
 604 
p-value           .000      .000      .000      .000      .233      .088 
Mean Ability      -.31      -.50      -.57      -.78      -.26      -.20 
  
Step Labels                   1         2         3         4         5 
  
Thresholds                            -.47      -.09       .17       .17       
. 
Error                                  .00       .00       .00       .00         
  
Item   61: PV03                                Infit MNSQ =  .38 
                                                     Disc =  .45 
  
Categories          1         2         3         4         5         6 
  
Count             1738        58        18        40       560       104 
Percent (%)       68.1       2.3        .7       1.6      22.0       4.1 
Pt-Biserial        .48      -.05      -.07      -.07      -.48       .00 
p-value           .000      .003      .000      .000      .000      .491 
Mean Ability      -.36      -.54      -.73      -.55      -.77      -.30 
  
Step Labels                   1         2         3         4         5 
  
Thresholds                            -.48      -.43      -.16      -.16      
-. 
Error                                  .00       .00       .00       .00         
     NA        NA        NA        NA 
     NA        NA        NA        NA        
 
 
 
 
 
 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     17261 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
     NA        NA        NA        NA 
     NA        NA        NA        NA        
 
 
 
 
 
APPENDIX XI  Analysis 2: Itanal 
 605 
Item   62: PV04A                               Infit MNSQ = 1.49 
                                                     Disc =  .40 
  
Categories          1         2         3         4         5         6 
  
Count              646       110        98       301        45      1052 
Percent (%)       25.1       4.3       3.8      11.7       1.7      40.9 
Pt-Biserial        .29       .01      -.08       .02      -.02      -.02 
p-value           .000      .337      .000      .115      .152      .131 
Mean Ability      -.30      -.39      -.57      -.43      -.51      -.47 
  
Step Labels                   1         2         3 
  
Thresholds                           -1.00      1.78 
Error                                  .00       .00 
  
  
Item   63: PV04B                               Infit MNSQ =  .29 
                                                     Disc =  .49 
  
Categories          1         2         3         4         5         6 
  
Count             1407       493       178       263        75         9 
Percent (%)       57.2      20.0       7.2      10.7       3.0        .4 
Pt-Biserial        .51      -.24      -.13      -.33      -.16      -.01 
 
 
 
     7         H         I         X      missing 
  
     97       181        74         0     17213 
    3.7       7.0       2.9        .0 
   -.13      -.23      -.22        NA 
   .000      .000      .000        NA 
    .10      -.02      -.43        NA      
 
 
 
 
 
 
 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     17310 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
APPENDIX XI  Analysis 2: Itanal 
 606 
p-value           .000      .000      .000      .000      .000      .316 
Mean Ability      -.33      -.60      -.60      -.77      -.81      -.37 
  
Step Labels                   1         2         3         4         5 
  
Thresholds                            -.48      -.16       .06       .06       
. 
Error                                  .00       .00       .00       .00       
. 
Item Analysis Results for Observed Responses                       7/11/10 
9:33  
all on all (N =**** L =173 Probability Level= .50)                               
  
  
Item   64: PV05                                Infit MNSQ = 3.23 
                                                     Disc =  .56 
  
Categories          1         2         3         4         5         6 
  
Count             1257         6        69        31       377        47 
Percent (%)       57.3        .3       3.1       1.4      17.2       2.1 
Pt-Biserial        .54       .04      -.11      -.08      -.20       .04 
p-value           .000      .035      .000      .000      .000      .041 
Mean Ability      -.31      -.23      -.62      -.62      -.57      -.36 
  
     NA        NA        NA        NA 
     NA        NA        NA        NA        
 
 
 
 
 
 
 
 
 
 
 
 
 
 
     7         H         I         X      missing 
  
    451         0         0         0     17357 
   18.5        .0        .0        .0 
   -.45        NA        NA        NA 
   .000        NA        NA        NA 
   -.09        NA        NA        NA       
 
APPENDIX XI  Analysis 2: Itanal 
 607 
Step Labels                   1         2         3         4 
  
Thresholds                            -.06       .33       .36 
Error                                  .00       .00       .00 
  
Population 2 Items 
Item   65: SI2                                 Infit MNSQ =  .95 
                                                     Disc =  .42 
  
Categories          1         2         3         4         5         6 
  
Count              123       128      1006       209        77         0 
Percent (%)        8.0       8.3      65.2      13.5       5.0        .0 
Pt-Biserial       -.21      -.23       .47      -.24      -.09        NA 
p-value           .000      .000      .000      .000      .000        NA 
Mean Ability       .22       .21       .75       .26       .38        NA 
  
Step Labels                   1         2         3 
  
Thresholds                            -.56       .01 
Error                                  .00       .00 
  
  
 
 
 
 
 
 
 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     18258 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
     NA        NA        NA        NA 
     NA        NA        NA        NA        
 
 
 
 
 
 
 
 
 
APPENDIX XI  Analysis 2: Itanal 
 608 
Item   66: SI3                                 Infit MNSQ =  .99 
                                                     Disc =  .00 
  
Categories          1         2         3         4         5         6 
  
Count              301       368       714       161         0         0 
Percent (%)       19.5      23.8      46.2      10.4        .0        .0 
Pt-Biserial       -.09      -.17       .28      -.10        NA        NA 
p-value           .000      .000      .000      .000        NA        NA 
Mean Ability       .47       .42       .73       .44        NA        NA 
  
Step Labels                   1         2 
  
Thresholds                             .70 
Error                                  .00 
  
  
Item   67: SI4                                 Infit MNSQ = 1.09 
                                                     Disc =  .50 
  
Categories          1         2         3         4         5         6 
  
Count              711       219        86        11        11        24 
Percent (%)       50.5      15.5       6.1        .8        .8       1.7 
Pt-Biserial        .53      -.17      -.05      -.09      -.09      -.03 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     18257 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
     NA        NA        NA        NA 
     NA        NA        NA        NA       
 
 
 
 
 
 
 
 
 
 
     7         H         I         X      missing 
  
      6       341         0         0     18392 
     .4      24.2        .0        .0 
   -.01      -.40        NA        NA 
APPENDIX XI  Analysis 2: Itanal 
 609 
p-value           .000      .000      .030      .001      .000      .108 
Mean Ability       .87       .39       .53       .11       .15       .48 
  
Step Labels                   1         2         3         4 
  
Thresholds                            -.06       .11       .48 
Error                                  .00       .00       .00 
  
  
Item   68: SI5                                 Infit MNSQ = 1.05 
                                                     Disc =  .48 
  
Categories          1         2         3         4         5         6 
  
Count              105      1136       110       210         0         0 
Percent (%)        6.7      72.8       7.0      13.5        .0        .0 
Pt-Biserial       -.14       .50      -.21      -.39        NA        NA 
p-value           .000      .000      .000      .000        NA        NA 
Mean Ability       .24       .74       .15       .07        NA        NA 
  
Step Labels                   1         2         3         4 
  
Thresholds                            -.47      -.21      -.10 
Error                                  .00       .00       .00 
  
   .346      .000        NA        NA 
    .55       .28        NA        NA       
 
 
 
 
 
 
 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     18240 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
     NA        NA        NA        NA 
     NA        NA        NA        NA       
 
 
 
 
 
 
APPENDIX XI  Analysis 2: Itanal 
 610 
Item   69: SI7                                 Infit MNSQ =  .91 
                                                     Disc =  .00 
  
Categories          1         2         3         4         5         6 
  
Count             1208       148       100        98         0         0 
Percent (%)       77.7       9.5       6.4       6.3        .0        .0 
Pt-Biserial        .35      -.24      -.15      -.15        NA        NA 
p-value           .000      .000      .000      .000        NA        NA 
Mean Ability       .68       .19       .25       .27        NA        NA 
  
Step Labels                   1         2 
  
Thresholds                            -.69 
Error                                  .00 
  
  
Item   70: SI8                                 Infit MNSQ = 1.04 
                                                     Disc =  .33 
  
Categories          1         2         3         4         5         6 
  
Count              231       312       776        70       119         0 
Percent (%)       15.3      20.7      51.5       4.6       7.9        .0 
Pt-Biserial       -.20      -.19       .38      -.13      -.04        NA 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     18247 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
     NA        NA        NA        NA 
     NA        NA        NA        NA       
 
 
 
 
 
 
 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     18293 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
APPENDIX XI  Analysis 2: Itanal 
 611 
p-value           .000      .000      .000      .000      .056        NA 
Mean Ability       .36       .37       .77       .27       .49        NA 
  
Step Labels                   1         2         3 
  
Thresholds                            -.25       .46 
Error                                  .00       .00 
  
  
Item   71: SI9                                 Infit MNSQ =  .92 
                                                     Disc =  .40 
  
Categories          1         2         3         4         5         6 
  
Count             1181        69        57       249         0         0 
Percent (%)       75.9       4.4       3.7      16.0        .0        .0 
Pt-Biserial        .42      -.18      -.25      -.27        NA        NA 
p-value           .000      .000      .000      .000        NA        NA 
Mean Ability       .70       .13      -.08       .27        NA        NA 
  
Step Labels                   1         2         3 
  
Thresholds                           -1.09      -.38 
Error                                  .00       .00 
  
     NA        NA        NA        NA 
     NA        NA        NA        NA       
 
 
 
 
 
 
 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     18245 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
     NA        NA        NA        NA 
     NA        NA        NA        NA       
 
 
 
 
 
 
APPENDIX XI  Analysis 2: Itanal 
 612 
Item   72: SJ10                                Infit MNSQ =  .73 
                                                     Disc =  .73 
  
Categories          1         2         3         4         5         6 
  
Count              356       243       732       245         0         0 
Percent (%)       22.6      15.4      46.4      15.5        .0        .0 
Pt-Biserial       -.55      -.29       .65       .04        NA        NA 
p-value           .000      .000      .000      .071        NA        NA 
Mean Ability      -.11       .14      1.20       .73        NA        NA 
  
Step Labels                   1         2         3         4 
  
Thresholds                            -.06       .30       .66 
Error                                  .00       .00       .00 
  
  
Item   73: SJ11                                Infit MNSQ =  .96 
                                                     Disc =  .00 
  
Categories          1         2         3         4         5         6 
  
Count               97       448       126       144       737         0 
Percent (%)        6.3      28.9       8.1       9.3      47.5        .0 
Pt-Biserial       -.13      -.20      -.17      -.17       .43        NA 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     18225 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
     NA        NA        NA        NA 
     NA        NA        NA        NA       
 
 
 
 
 
 
 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     18249 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
APPENDIX XI  Analysis 2: Itanal 
 613 
p-value           .000      .000      .000      .000      .000        NA 
Mean Ability       .33       .45       .26       .28      1.00        NA 
  
Step Labels                   1         2 
  
Thresholds                             .73 
Error                                  .00 
  
  
Item   74: SJ12                                Infit MNSQ =  .99 
                                                     Disc =  .62 
  
Categories          1         2         3         4         5         6 
  
Count              331        31       309        28        17       428 
Percent (%)       28.9       2.7      27.0       2.4       1.5      37.4 
Pt-Biserial        .58       .10      -.10       .09       .02      -.53 
p-value           .000      .000      .001      .002      .229      .000 
Mean Ability      1.43      1.27       .63      1.13       .86       .25 
  
Step Labels                   1         2         3         4 
  
Thresholds                             .28       .49       .93 
Error                                  .00       .00       .00 
  
     NA        NA        NA        NA 
     NA        NA        NA        NA        
 
 
 
 
 
 
 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     18657 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
     NA        NA        NA        NA 
     NA        NA        NA        NA       
 
 
 
 
 
 
APPENDIX XI  Analysis 2: Itanal 
 614 
Item   75: SJ13                                Infit MNSQ =  .89 
                                                     Disc =  .00 
  
Categories          1         2         3         4         5         6 
  
Count             1413        31         2        62        20        16 
Percent (%)       90.1       2.0        .1       4.0       1.3       1.0 
Pt-Biserial        .21      -.03      -.04      -.07      -.14      -.15 
p-value           .000      .086      .056      .004      .000      .000 
Mean Ability       .72       .50      -.05       .41      -.29      -.54 
  
Step Labels                   1         2 
  
Thresholds                           -1.87 
Error                                  .00 
  
  
Item   76: SJ14                                Infit MNSQ =  .94 
                                                     Disc =  .43 
  
Categories          1         2         3         4         5         6 
  
Count              408       388       189       179       374         0 
Percent (%)       26.5      25.2      12.3      11.6      24.3        .0 
Pt-Biserial       -.12      -.07      -.26      -.08       .45        NA 
 
 
 
     7         H         I         X      missing 
  
     24         0         0         0     18233 
    1.5        .0        .0        .0 
   -.10        NA        NA        NA 
   .000        NA        NA        NA 
    .12        NA        NA        NA       
 
 
 
 
 
 
 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     18263 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
APPENDIX XI  Analysis 2: Itanal 
 615 
p-value           .000      .003      .000      .001      .000        NA 
Mean Ability       .55       .60       .13       .49      1.27        NA 
  
Step Labels                   1         2         3 
  
Thresholds                            -.34      1.58 
Error                                  .00       .00 
  
  
Item   77: SJ15                                Infit MNSQ =  .97 
                                                     Disc =  .00 
  
Categories          1         2         3         4         5         6 
  
Count             1159       254        85        84         3         0 
Percent (%)       73.1      16.0       5.4       5.3        .2        .0 
Pt-Biserial        .36      -.25      -.18      -.12       .01        NA 
p-value           .000      .000      .000      .000      .412        NA 
Mean Ability       .82       .20       .06       .27       .77        NA 
  
Step Labels                   1         2 
  
Thresholds                            -.40 
Error                                  .00 
  
     NA        NA        NA        NA 
     NA        NA        NA        NA        
 
 
 
 
 
 
 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     18216 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
     NA        NA        NA        NA 
     NA        NA        NA        NA       
 
 
 
 
 
 
APPENDIX XI  Analysis 2: Itanal 
 616 
Item   78: SJ16                                Infit MNSQ =  .84 
                                                     Disc =  .43 
  
Categories          1         2         3         4         5         6 
  
Count              995       103       448        32         0         0 
Percent (%)       63.1       6.5      28.4       2.0        .0        .0 
Pt-Biserial        .43      -.27      -.26      -.16        NA        NA 
p-value           .000      .000      .000      .000        NA        NA 
Mean Ability       .90      -.10       .37      -.21        NA        NA 
  
Step Labels                   1         2         3 
  
Thresholds                           -1.81       .64 
Error                                  .00       .00 
  
  
Item   79: SJ17                                Infit MNSQ =  .91 
                                                     Disc =  .00 
  
Categories          1         2         3         4         5         6 
  
Count              144       210      1130        95         0         0 
Percent (%)        9.1      13.3      71.6       6.0        .0        .0 
Pt-Biserial       -.26      -.28       .45      -.14        NA        NA 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     18223 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
     NA        NA        NA        NA 
     NA        NA        NA        NA     
 
 
 
 
 
 
 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     18222 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
APPENDIX XI  Analysis 2: Itanal 
 617 
p-value           .000      .000      .000      .000        NA        NA 
Mean Ability       .05       .12       .87       .25        NA        NA 
  
Step Labels                   1         2 
  
Thresholds                            -.32 
Error                                  .00 
  
  
Item   80: SJ18                                Infit MNSQ =  .93 
                                                     Disc =  .44 
  
Categories          1         2         3         4         5         6 
  
Count              105       843       373       181        67         0 
Percent (%)        6.7      53.7      23.8      11.5       4.3        .0 
Pt-Biserial       -.10       .42      -.15      -.29      -.13        NA 
p-value           .000      .000      .000      .000      .000        NA 
Mean Ability       .37       .95       .49       .03       .22        NA 
  
Step Labels                   1         2 
  
Thresholds                  -.81       .53 
Error                        .00       .00 
  
     NA        NA        NA        NA 
     NA        NA        NA        NA       
 
 
 
 
 
 
 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     18232 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
     NA        NA        NA        NA 
     NA        NA        NA        NA       
 
 
 
 
 
 
APPENDIX XI  Analysis 2: Itanal 
 618 
Item   81: SK1                                 Infit MNSQ =  .93 
                                                     Disc =  .30 
  
Categories          1         2         3         4         5         6 
  
Count              156        62        90      1156       140         0 
Percent (%)        9.7       3.9       5.6      72.1       8.7        .0 
Pt-Biserial       -.12      -.13      -.15       .32      -.17        NA 
p-value           .000      .000      .000      .000      .000        NA 
Mean Ability       .29       .13       .14       .66       .17        NA 
  
Step Labels                   1         2         3 
  
Thresholds                           -1.00      -.23 
Error                                  .00       .00 
  
  
Item   82: SK2                                 Infit MNSQ = 1.13 
                                                     Disc =  .42 
  
Categories          1         2         3         4         5         6 
  
Count             1117         2        64        92        51       176 
Percent (%)       74.4        .1       4.3       6.1       3.4      11.7 
Pt-Biserial        .43      -.03      -.08      -.12      -.20      -.32 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     18197 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
     NA        NA        NA        NA 
     NA        NA        NA        NA      
 
 
 
 
 
 
 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     18299 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
APPENDIX XI  Analysis 2: Itanal 
 619 
p-value           .000      .136      .001      .000      .000      .000 
Mean Ability       .72       .09       .30       .25      -.11       .01 
  
Step Labels                   1         2         3         4 
  
Thresholds                            -.47      -.09      -.01 
Error                                  .00       .00       .00 
  
  
Item   83: SK3                                 Infit MNSQ =  .91 
                                                     Disc =  .00 
  
Categories          1         2         3         4         5         6 
  
Count             1192       140       228        26         0         0 
Percent (%)       75.2       8.8      14.4       1.6        .0        .0 
Pt-Biserial        .32      -.18      -.23      -.06        NA        NA 
p-value           .000      .000      .000      .007        NA        NA 
Mean Ability       .65       .16       .17       .19        NA        NA 
  
Step Labels                   1         2 
  
Thresholds                            -.55 
Error                                  .00 
  
     NA        NA        NA        NA 
     NA        NA        NA        NA       
 
 
 
 
 
 
 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     18215 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
     NA        NA        NA        NA 
     NA        NA        NA        NA       
 
 
 
 
 
 
APPENDIX XI  Analysis 2: Itanal 
 620 
Item   84: SK4                                 Infit MNSQ = 1.00 
                                                     Disc =  .00 
  
Categories          1         2         3         4         5         6 
  
Count              565       106       660        59       159         0 
Percent (%)       36.5       6.8      42.6       3.8      10.3        .0 
Pt-Biserial       -.23      -.08       .30      -.02      -.04        NA 
p-value           .000      .000      .000      .268      .058        NA 
Mean Ability       .33       .34       .76       .47       .45        NA 
  
Step Labels                   1         2 
  
Thresholds                             .85 
Error                                  .00 
  
  
Item   85: SK5                                 Infit MNSQ =  .84 
                                                     Disc =  .61 
  
Categories          1         2         3         4         5         6 
  
Count              678        82        71        17        54       252 
Percent (%)       46.8       5.7       4.9       1.2       3.7      17.4 
Pt-Biserial        .59      -.28      -.02      -.03      -.01      -.25 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     18252 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
     NA        NA        NA        NA 
     NA        NA        NA        NA        
 
 
 
 
 
 
 
 
 
 
     7         H         I         X      missing 
  
    295         0         0         0     18352 
   20.4        .0        .0        .0 
   -.32        NA        NA        NA 
APPENDIX XI  Analysis 2: Itanal 
 621 
p-value           .000      .000      .188      .159      .388      .000 
Mean Ability       .97      -.16       .50       .40       .52       .24 
  
Step Labels                   1         2         3 
  
Thresholds                             .34       .66 
Error                                  .00       .00 
  
  
Item   86: SK6                                 Infit MNSQ = 1.04 
                                                     Disc =  .31 
  
Categories          1         2         3         4         5         6 
  
Count              160       116       204       775       341         0 
Percent (%)       10.0       7.3      12.8      48.6      21.4        .0 
Pt-Biserial       -.06      -.12      -.15       .35      -.18        NA 
p-value           .009      .000      .000      .000      .000        NA 
Mean Ability       .41       .24       .27       .76       .32        NA 
  
Step Labels                   1         2         3 
  
Thresholds                            -.34       .57 
Error                                  .00       .00 
  
   .000        NA        NA        NA 
    .17        NA        NA        NA        
 
 
 
 
 
 
 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     18205 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
     NA        NA        NA        NA 
     NA        NA        NA        NA       
 
 
 
 
 
 
APPENDIX XI  Analysis 2: Itanal 
 622 
Item   87: SK7                                 Infit MNSQ =  .96 
                                                     Disc =  .50 
  
Categories          1         2         3         4         5         6 
  
Count              308       261       932        79        25         0 
Percent (%)       19.2      16.3      58.1       4.9       1.6        .0 
Pt-Biserial       -.17      -.38       .51      -.15      -.10        NA 
p-value           .000      .000      .000      .000      .000        NA 
Mean Ability       .31      -.01       .81       .10      -.01        NA 
  
Step Labels                   1         2         3         4 
  
Thresholds                            -.53      -.18       .33 
Error                                  .00       .00       .00 
. 
  
Item   88: SK8                                 Infit MNSQ = 1.14 
                                                     Disc =  .38 
  
Categories          1         2         3         4         5         6 
  
Count              746       535       137       115        55         0 
Percent (%)       47.0      33.7       8.6       7.2       3.5        .0 
Pt-Biserial       -.21       .42      -.12      -.19      -.08        NA 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     18196 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
     NA        NA        NA        NA 
     NA        NA        NA        NA       
 
 
 
 
 
 
 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     18213 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
APPENDIX XI  Analysis 2: Itanal 
 623 
p-value           .000      .000      .000      .000      .001        NA 
Mean Ability       .40       .91       .27       .10       .25        NA 
  
Step Labels                   1         2         3 
  
Thresholds                             .66      1.03 
Error                                  .00       .00 
  
  
Item  89: SK9                                 Infit MNSQ =  .88 
                                                     Disc =  .55 
  
Categories          1         2         3         4         5         6 
  
Count              750       160        79       592         0         0 
Percent (%)       47.4      10.1       5.0      37.4        .0        .0 
Pt-Biserial       -.47      -.09      -.03       .55        NA        NA 
p-value           .000      .000      .107      .000        NA        NA 
Mean Ability       .22       .32       .40      1.01        NA        NA 
  
Step Labels                   1         2         3 
  
Thresholds                             .52       .88 
Error                                  .00       .00 
  
     NA        NA        NA        NA 
     NA        NA        NA        NA        
 
 
 
 
 
 
 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     18220 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
     NA        NA        NA        NA 
     NA        NA        NA        NA        
 
 
 
 
 
 
APPENDIX XI  Analysis 2: Itanal 
 624 
Item  90: SL8                                 Infit MNSQ = 1.01 
                                                     Disc =  .44 
  
Categories          1         2         3         4         5         6 
  
Count              402      1023       112        53         0         0 
Percent (%)       25.3      64.3       7.0       3.3        .0        .0 
Pt-Biserial       -.24       .42      -.21      -.25        NA        NA 
p-value           .000      .000      .000      .000        NA        NA 
Mean Ability      -.36      -.08      -.50      -.79        NA        NA 
  
Step Labels                   1         2         3 
  
Thresholds                           -1.53       .40 
Error                                  .00       .00 
  
 
  
Item  91: SL9                                 Infit MNSQ =  .51 
                                                     Disc =  .45 
  
Categories          1         2         3         4         5         6 
  
Count               55      1359       113        60         0         0 
Percent (%)        3.5      85.6       7.1       3.8        .0        .0 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     18211 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
     NA        NA        NA        NA 
     NA        NA        NA        NA        
 
 
 
 
 
 
 
 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     18214 
     .0        .0        .0        .0 
APPENDIX XI  Analysis 2: Itanal 
 625 
Pt-Biserial       -.26       .47      -.28      -.25        NA        NA 
p-value           .000      .000      .000      .000        NA        NA 
Mean Ability      -.76      -.13      -.62      -.71        NA        NA 
  
Step Labels                   1         2         3         4 
  
Thresholds                           -1.25      -.94      -.79 
Error                                  .00       .00       .00 
  
  
Item  92: SL10                                Infit MNSQ =  .49 
                                                     Disc =  .32 
  
Categories          1         2         3         4         5         6 
  
Count               86      1475        12         7         0         0 
Percent (%)        5.4      93.4        .8        .4        .0        .0 
Pt-Biserial       -.25       .32      -.16      -.12        NA        NA 
p-value           .000      .000      .000      .000        NA        NA 
Mean Ability      -.64      -.17      -.94      -.92        NA        NA 
  
Step Labels                   1         2         3 
  
Thresholds                           -2.28     -1.76 
Error                                  .00       .00 
     NA        NA        NA        NA 
     NA        NA        NA        NA 
     NA        NA        NA        NA       
 
 
 
 
 
 
 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     18221 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
     NA        NA        NA        NA 
     NA        NA        NA        NA        
 
 
 
 
 
APPENDIX XI  Analysis 2: Itanal 
 626 
Item   93: SL11                                Infit MNSQ = 1.26 
                                                     Disc =  .41 
  
Categories          1         2         3         4         5         6 
  
Count              698       211       544       106         0         0 
Percent (%)       44.8      13.5      34.9       6.8        .0        .0 
Pt-Biserial       -.10      -.30       .35      -.07        NA        NA 
p-value           .000      .000      .000      .002        NA        NA 
Mean Ability      -.25      -.51      -.01      -.32        NA        NA 
  
Step Labels                   1         2         3 
  
Thresholds                            -.81      1.25 
Error                                  .00       .00 
  
  
Item  94: SL14                                Infit MNSQ = 2.61 
                                                     Disc =  .43 
  
Categories          1         2         3         4         5         6 
  
Count              123       306       479       245       327         0 
Percent (%)        8.3      20.7      32.4      16.6      22.1        .0 
Pt-Biserial       -.13      -.12      -.20       .02       .42        NA 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     18242 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
     NA        NA        NA        NA 
     NA        NA        NA        NA        
 
 
 
 
 
 
 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     18321 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
APPENDIX XI  Analysis 2: Itanal 
 627 
p-value           .000      .000      .000      .258      .000        NA 
Mean Ability      -.37      -.30      -.31      -.18       .12        NA 
  
Step Labels                   1         2         3 
  
Thresholds                             .97      1.46 
Error                                  .00       .00 
  
  
Item  95: SL15                                Infit MNSQ = 2.31 
                                                     Disc =  .58 
  
Categories          1         2         3         4         5         6 
  
Count              668       267        53        32       548         0 
Percent (%)       42.6      17.0       3.4       2.0      34.9        .0 
Pt-Biserial        .59      -.21      -.20      -.10      -.34        NA 
p-value           .000      .000      .000      .000      .000        NA 
Mean Ability       .07      -.38      -.64      -.48      -.39        NA 
  
Step Labels                   1         2         3 
  
Thresholds                             .67       .90 
Error                                  .00       .00 
  
     NA        NA        NA        NA 
     NA        NA        NA        NA        
 
 
 
 
 
 
 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     18233 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
     NA        NA        NA        NA 
     NA        NA        NA        NA        
 
 
 
 
 
 
APPENDIX XI  Analysis 2: Itanal 
 628 
Item  96: SL16                                Infit MNSQ = 1.29 
                                                     Disc =  .61 
  
Categories          1         2         3         4         5         6 
  
Count              432        62       330       234        52         0 
Percent (%)       38.9       5.6      29.7      21.1       4.7        .0 
Pt-Biserial        .58       .00      -.17      -.40      -.21        NA 
p-value           .000      .453      .000      .000      .000        NA 
Mean Ability       .16      -.10      -.20      -.40      -.48        NA 
  
Step Labels                   1         2         3         4 
  
Thresholds                           -1.09       .08      1.10 
Error                                  .00       .00       .00 
  
  
Item  97: SL17                                Infit MNSQ = 2.05 
                                                     Disc =  .60 
  
Categories          1         2         3         4         5         6 
  
Count              153       733       196       344       113         0 
Percent (%)        9.9      47.6      12.7      22.4       7.3        .0 
Pt-Biserial       -.20       .63      -.16      -.36      -.20        NA 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     18691 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
     NA        NA        NA        NA 
     NA        NA        NA        NA        
 
 
 
 
 
 
 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     18262 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
APPENDIX XI  Analysis 2: Itanal 
 629 
p-value           .000      .000      .000      .000      .000        NA 
Mean Ability      -.44       .07      -.37      -.46      -.47        NA 
  
Step Labels                   1         2         3         4 
  
Thresholds                            -.91       .50       .88 
Error                                  .00       .00       .00 
  
  
Item  98: SM1                                 Infit MNSQ =  .78 
                                                     Disc =  .00 
  
Categories          1         2         3         4         5         6 
  
Count               47        26        38      1488         0         0 
Percent (%)        2.9       1.6       2.4      93.1        .0        .0 
Pt-Biserial       -.17      -.16      -.16       .29        NA        NA 
p-value           .000      .000      .000      .000        NA        NA 
Mean Ability      -.16      -.36      -.15       .61        NA        NA 
  
Step Labels                   1         2 
  
Thresholds                           -2.01 
Error                                  .00 
  
     NA        NA        NA        NA 
     NA        NA        NA        NA        
 
 
 
 
 
 
 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     18202 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
     NA        NA        NA        NA 
     NA        NA        NA        NA      
 
 
 
 
 
 
APPENDIX XI  Analysis 2: Itanal 
 630 
Item  99: SM2                                 Infit MNSQ = 1.16 
                                                     Disc =  .34 
  
Categories          1         2         3         4         5         6 
  
Count             1131        38       100       310         0         0 
Percent (%)       71.6       2.4       6.3      19.6        .0        .0 
Pt-Biserial        .37      -.09      -.22      -.25        NA        NA 
p-value           .000      .000      .000      .000        NA        NA 
Mean Ability       .72       .12      -.03       .20        NA        NA 
  
Step Labels                   1         2         3 
  
Thresholds                            -.42      -.16 
Error                                  .00       .00 
  
  
Item  100: SM4                                 Infit MNSQ =  .78 
                                                     Disc =  .58 
  
Categories          1         2         3         4         5         6 
  
Count              687       577        40       292         0         0 
Percent (%)       43.0      36.2       2.5      18.3        .0        .0 
Pt-Biserial        .49      -.08      -.15      -.46        NA        NA 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     18222 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
     NA        NA        NA        NA 
     NA        NA        NA        NA       
 
 
 
 
 
 
 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     18205 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
APPENDIX XI  Analysis 2: Itanal 
 631 
p-value           .000      .000      .000      .000        NA        NA 
Mean Ability       .95       .49      -.11      -.12        NA        NA 
  
Step Labels                   1         2         3 
  
Thresholds                            -.38       .80 
Error                                  .00       .00 
  
  
Item  101: SM5                                 Infit MNSQ = 1.06 
                                                     Disc =  .40 
  
Categories          1         2         3         4         5         6 
  
Count              170       224       317       677       164         0 
Percent (%)       11.0      14.4      20.4      43.6      10.6        .0 
Pt-Biserial       -.05      -.09      -.28       .39      -.12        NA 
p-value           .037      .000      .000      .000      .000        NA 
Mean Ability       .47       .42       .17       .88       .32        NA 
  
Step Labels                   1         2         3 
  
Thresholds                             .03       .72 
Error                                  .00       .00 
  
     NA        NA        NA        NA 
     NA        NA        NA        NA        
 
 
 
 
 
 
 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     18249 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
     NA        NA        NA        NA 
     NA        NA        NA        NA       
 
 
 
 
 
 
APPENDIX XI  Analysis 2: Itanal 
 632 
Item  102: SM6                                 Infit MNSQ =  .82 
                                                     Disc =  .56 
  
Categories          1         2         3         4         5         6 
  
Count              728        47       183        26        85        43 
Percent (%)       52.0       3.4      13.1       1.9       6.1       3.1 
Pt-Biserial        .51      -.05      -.02      -.06      -.15      -.04 
p-value           .000      .021      .206      .013      .000      .078 
Mean Ability       .95       .40       .57       .22       .20       .46 
  
Step Labels                   1         2         3 
  
Thresholds                            -.34       .47 
Error                                  .00       .00 
  
  
Item  103: SM7                                 Infit MNSQ =  .94 
                                                     Disc =  .35 
  
Categories          1         2         3         4         5         6 
  
Count               92       163        71      1197        60         0 
Percent (%)        5.8      10.3       4.5      75.6       3.8        .0 
Pt-Biserial       -.13      -.20      -.23       .36      -.08        NA 
 
 
 
     7         H         I         X      missing 
  
    287         0         0         0     18402 
   20.5        .0        .0        .0 
   -.47        NA        NA        NA 
   .000        NA        NA        NA 
   -.03        NA        NA        NA       
 
 
 
 
 
 
 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     18218 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
APPENDIX XI  Analysis 2: Itanal 
 633 
p-value           .000      .000      .000      .000      .000        NA 
Mean Ability       .17       .14      -.17       .70       .28        NA 
  
Step Labels                   1         2         3 
  
Thresholds                           -1.03      -.38 
Error                                  .00       .00 
  
  
Item  104: SM8                                 Infit MNSQ = 1.02 
                                                     Disc =  .45 
  
Categories          1         2         3         4         5         6 
  
Count              404        78       105        12        72        39 
Percent (%)       28.2       5.4       7.3        .8       5.0       2.7 
Pt-Biserial        .41       .09       .01      -.04       .01       .06 
p-value           .000      .000      .367      .053      .405      .008 
Mean Ability      1.05       .89       .64       .29       .63       .89 
  
Step Labels                   1         2         3 
  
Thresholds                             .69      1.22 
Error                                  .00       .00 
  
     NA        NA        NA        NA 
     NA        NA        NA        NA        
 
 
 
 
 
 
 
 
 
 
     7         H         I         X      missing 
  
    196       528         0         0     18367 
   13.7      36.8        .0        .0 
   -.17      -.32        NA        NA 
   .000      .000        NA        NA 
    .33       .32        NA        NA       
 
 
 
 
 
 
APPENDIX XI  Analysis 2: Itanal 
 634 
Item  105: SN11                                Infit MNSQ =  .87 
                                                     Disc =  .00 
  
Categories          1         2         3         4         5         6 
  
Count               71       217         0         0         0         0 
Percent (%)       24.7      75.3        .0        .0        .0        .0 
Pt-Biserial       -.28       .28        NA        NA        NA        NA 
p-value           .000      .000        NA        NA        NA        NA 
Mean Ability      -.13       .33        NA        NA        NA        NA 
  
Step Labels                   1         2 
  
Thresholds                            -.55 
Error                                  .00 
  
  
Item  106: SN12                                Infit MNSQ =  .95 
                                                     Disc =  .39 
  
Categories          1         2         3         4         5         6 
  
Count              140      1129       135       161         0         0 
Percent (%)        8.9      72.1       8.6      10.3        .0        .0 
Pt-Biserial       -.19       .41      -.17      -.26        NA        NA 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     19513 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
     NA        NA        NA        NA 
     NA        NA        NA        NA       
 
 
 
 
 
 
 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     18236 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
APPENDIX XI  Analysis 2: Itanal 
 635 
p-value           .000      .000      .000      .000        NA        NA 
Mean Ability       .26       .70       .32       .16        NA        NA 
  
Step Labels                   1         2         3 
  
Thresholds                            -.83      -.16 
Error                                  .00       .00 
. 
  
Item  107: SN13                                Infit MNSQ = 1.00 
                                                     Disc =  .50 
  
Categories          1         2         3         4         5         6 
  
Count              702       137       131        88        83       203 
Percent (%)       52.2      10.2       9.7       6.5       6.2      15.1 
Pt-Biserial        .43      -.01       .03      -.14      -.28      -.34 
p-value           .000      .385      .110      .000      .000      .000 
Mean Ability       .84       .60       .70       .33       .04       .19 
  
Step Labels                   1         2         3 
  
Thresholds                            -.28      -.09 
Error                                  .00       .00 
  
     NA        NA        NA        NA 
     NA        NA        NA        NA        
 
 
 
 
 
 
 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     18457 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
     NA        NA        NA        NA 
     NA        NA        NA        NA       
 
 
 
 
 
 
APPENDIX XI  Analysis 2: Itanal 
 636 
Item  108: SN14                                Infit MNSQ =  .93 
                                                     Disc =  .00 
  
Categories          1         2         3         4         5         6 
  
Count              216       116      1087       136         0         0 
Percent (%)       13.9       7.5      69.9       8.7        .0        .0 
Pt-Biserial       -.21      -.20       .40      -.21        NA        NA 
p-value           .000      .000      .000      .000        NA        NA 
Mean Ability       .31       .21       .70       .21        NA        NA 
  
Step Labels                   1         2 
  
Thresholds                            -.16 
Error                                  .00 
  
  
Item  109: SN15                                Infit MNSQ = 1.07 
                                                     Disc =  .00 
  
Categories          1         2         3         4         5         6 
  
Count               24       120       987       438         0         0 
Percent (%)        1.5       7.6      62.9      27.9        .0        .0 
Pt-Biserial       -.12      -.19       .25      -.13        NA        NA 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     18246 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
     NA        NA        NA        NA 
     NA        NA        NA        NA        
 
 
 
 
 
 
 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     18232 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
APPENDIX XI  Analysis 2: Itanal 
 637 
p-value           .000      .000      .000      .000        NA        NA 
Mean Ability       .04       .24       .63       .54        NA        NA 
  
Step Labels                   1         2 
  
Thresholds                             .16 
Error                                  .00 
  
  
Item  110: SN16                                Infit MNSQ = 1.04 
                                                     Disc =  .41 
  
Categories          1         2         3         4         5         6 
  
Count              744       282       149       391         0         0 
Percent (%)       47.5      18.0       9.5      25.0        .0        .0 
Pt-Biserial        .48      -.22      -.22      -.21        NA        NA 
p-value           .000      .000      .000      .000        NA        NA 
Mean Ability       .85       .34       .21       .39        NA        NA 
  
Step Labels                   1         2         3 
  
Thresholds                            -.13       .73 
Error                                  .00       .00 
  
     NA        NA        NA        NA 
     NA        NA        NA        NA        
 
 
 
 
 
 
 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     18235 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
     NA        NA        NA        NA 
     NA        NA        NA        NA        
 
 
 
 
 
 
APPENDIX XI  Analysis 2: Itanal 
 638 
Item  111: SN17                                Infit MNSQ = 1.12 
                                                     Disc =  .51 
  
Categories          1         2         3         4         5         6 
  
Count              627       266       518       132         0         0 
Percent (%)       40.6      17.2      33.6       8.6        .0        .0 
Pt-Biserial        .55      -.12      -.37      -.17        NA        NA 
p-value           .000      .000      .000      .000        NA        NA 
Mean Ability       .97       .46       .29       .28        NA        NA 
  
Step Labels                   1         2         3         4 
  
Thresholds                             .27       .49       .84 
Error                                  .00       .00       .00 
  
  
Item  112: SN18                                Infit MNSQ =  .94 
                                                     Disc =  .49 
  
Categories          1         2         3         4         5         6 
  
Count              164       100      1131       171         0         0 
Percent (%)       10.5       6.4      72.2      10.9        .0        .0 
Pt-Biserial       -.29      -.29       .48      -.18        NA        NA 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     18258 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
     NA        NA        NA        NA 
     NA        NA        NA        NA        
 
 
 
 
 
 
 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     18235 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
APPENDIX XI  Analysis 2: Itanal 
 639 
p-value           .000      .000      .000      .000        NA        NA 
Mean Ability       .12      -.04       .73       .33        NA        NA 
  
Step Labels                   1         2         3 
  
Thresholds                            -.47      -.14 
Error                                  .00       .00 
  
  
Item  113: SN19                                Infit MNSQ =  .89 
                                                     Disc =  .60 
  
Categories          1         2         3         4         5         6 
  
Count              949       209        40        70        28       225 
Percent (%)       62.4      13.7       2.6       4.6       1.8      14.8 
Pt-Biserial        .61      -.25      -.09      -.08      -.12      -.46 
p-value           .000      .000      .000      .001      .000      .000 
Mean Ability       .84       .25       .27       .40       .09      -.04 
  
Step Labels                   1         2         3         4 
  
Thresholds                            -.53      -.18       .30 
Error                                  .00       .00       .00 
  
     NA        NA        NA        NA 
     NA        NA        NA        NA        
 
 
 
 
 
 
 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     18280 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
     NA        NA        NA        NA 
     NA        NA        NA        NA        
 
 
 
 
 
 
APPENDIX XI  Analysis 2: Itanal 
 640 
Item  114: SO1                                 Infit MNSQ =  .73 
                                                     Disc =  .50 
  
Categories          1         2         3         4         5         6 
  
Count              102      1132       271        78         0         0 
Percent (%)        6.4      71.5      17.1       4.9        .0        .0 
Pt-Biserial       -.16       .50      -.34      -.27        NA        NA 
p-value           .000      .000      .000      .000        NA        NA 
Mean Ability       .15       .89       .05      -.30        NA        NA 
  
Step Labels                   1         2         3 
  
Thresholds                           -1.31      -.08 
Error                                  .00       .00 
  
  
Item  115: SO2                                 Infit MNSQ =  .88 
                                                     Disc =  .00 
  
Categories          1         2         3         4         5         6 
  
Count              950       145       439        39         0         0 
Percent (%)       60.4       9.2      27.9       2.5        .0        .0 
Pt-Biserial       -.41       .04       .45      -.10        NA        NA 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     18218 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
     NA        NA        NA        NA 
     NA        NA        NA        NA        
 
 
 
 
 
 
 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     18228 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
APPENDIX XI  Analysis 2: Itanal 
 641 
p-value           .000      .059      .000      .000        NA        NA 
Mean Ability       .38       .76      1.26       .21        NA        NA 
  
Step Labels                   1         2 
  
Thresholds                            1.63 
Error                                  .00 
  
  
Item  116: SO3                                 Infit MNSQ =  .96 
                                                     Disc =  .00 
  
Categories          1         2         3         4         5         6 
  
Count              214       773       217       151       159         0 
Percent (%)       14.1      51.1      14.3      10.0      10.5        .0 
Pt-Biserial       -.11       .46      -.20      -.17      -.22        NA 
p-value           .000      .000      .000      .000      .000        NA 
Mean Ability       .44      1.02       .25       .22       .14        NA 
  
Step Labels                   1         2 
  
Thresholds                             .58 
Error                                  .00 
  
     NA        NA        NA        NA 
     NA        NA        NA        NA       
 
 
 
 
 
 
 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     18287 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
     NA        NA        NA        NA 
     NA        NA        NA        NA       
 
 
 
 
 
 
APPENDIX XI  Analysis 2: Itanal 
 642 
Item  117: SO4                                 Infit MNSQ =  .99 
                                                     Disc =  .48 
  
Categories          1         2         3         4         5         6 
  
Count              126       140       155       732       424         0 
Percent (%)        8.0       8.9       9.8      46.4      26.9        .0 
Pt-Biserial       -.24      -.24      -.10       .48      -.18        NA 
p-value           .000      .000      .000      .000      .000        NA 
Mean Ability      -.02       .02       .40      1.08       .41        NA 
  
Step Labels                   1         2         3         4 
  
Thresholds                            -.69      -.31       .63 
Error                                  .00       .00       .00 
  
  
Item  118: SO5                                 Infit MNSQ =  .80 
                                                     Disc =  .00 
  
Categories          1         2         3         4         5         6 
  
Count               34       331       286       873        48         0 
Percent (%)        2.2      21.1      18.2      55.5       3.1        .0 
Pt-Biserial       -.18      -.30      -.34       .62      -.16        NA 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     18224 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
     NA        NA        NA        NA 
     NA        NA        NA        NA      
 
 
 
 
 
 
 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     18229 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
APPENDIX XI  Analysis 2: Itanal 
 643 
p-value           .000      .000      .000      .000      .000        NA 
Mean Ability      -.30       .17       .05      1.11      -.07        NA 
  
Step Labels                   1         2 
  
Thresholds                             .40 
Error                                  .00 
  
  
Item  119: SO6                                 Infit MNSQ =  .81 
                                                     Disc =  .00 
  
Categories          1         2         3         4         5         6 
  
Count             1288         4         7        27        30        31 
Percent (%)       82.8        .3        .5       1.7       1.9       2.0 
Pt-Biserial        .46      -.05      -.10      -.16      -.15      -.11 
p-value           .000      .035      .000      .000      .000      .000 
Mean Ability       .82       .01      -.57      -.29      -.21       .02 
  
Step Labels                   1         2 
  
Thresholds                            -.99 
Error                                  .00 
  
     NA        NA        NA        NA 
     NA        NA        NA        NA        
 
 
 
 
 
 
 
 
 
 
     7         H         I         X      missing 
  
      9       159         0         0     18246 
     .6      10.2        .0        .0 
   -.08      -.33        NA        NA 
   .000      .000        NA        NA 
   -.17      -.13        NA        NA    
 
 
 
 
 
 
APPENDIX XI  Analysis 2: Itanal 
 644 
Item  120: SO7                                 Infit MNSQ =  .69 
                                                     Disc =  .49 
  
Categories          1         2         3         4         5         6 
  
Count              128      1145       256        23         0         0 
Percent (%)        8.2      73.8      16.5       1.5        .0        .0 
Pt-Biserial       -.15       .49      -.40      -.19        NA        NA 
p-value           .000      .000      .000      .000        NA        NA 
Mean Ability       .23       .89      -.09      -.61        NA        NA 
  
Step Labels                   1         2         3 
  
Thresholds                           -1.91       .14 
Error                                  .00       .00 
  
  
Item  121: SO8                                 Infit MNSQ =  .89 
                                                     Disc =  .00 
  
Categories          1         2         3         4         5         6 
  
Count               83      1148        66       232        45         0 
Percent (%)        5.3      72.9       4.2      14.7       2.9        .0 
Pt-Biserial       -.17       .44      -.23      -.25      -.14        NA 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     18249 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
     NA        NA        NA        NA 
     NA        NA        NA        NA       
 
 
 
 
 
 
 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     18227 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
APPENDIX XI  Analysis 2: Itanal 
 645 
p-value           .000      .000      .000      .000      .000        NA 
Mean Ability       .04       .86      -.28       .15      -.01        NA 
  
Step Labels                   1         2 
  
Thresholds                            -.38 
Error                                  .00 
  
  
Item  122: SO9                                 Infit MNSQ =  .94 
                                                     Disc =  .61 
  
Categories          1         2         3         4         5         6 
  
Count             1006         3        13        27        18        86 
Percent (%)       68.4        .2        .9       1.8       1.2       5.9 
Pt-Biserial        .61      -.01      -.06      -.12      -.15      -.21 
p-value           .000      .319      .014      .000      .000      .000 
Mean Ability      1.04       .51       .17      -.05      -.33       .06 
  
Step Labels                   1         2         3 
  
Thresholds                             .00       .05 
Error                                  .00       .00 
  
     NA        NA        NA        NA 
     NA        NA        NA        NA      
 
 
 
 
 
 
 
 
 
 
     7         H         I         X      missing 
  
     55       262         0         0     18331 
    3.7      17.8        .0        .0 
   -.24      -.39        NA        NA 
   .000      .000        NA        NA 
   -.27       .03        NA        NA       
 
 
 
 
 
 
APPENDIX XI  Analysis 2: Itanal 
 646 
Item  123: SP8                                 Infit MNSQ =  .98 
                                                     Disc =  .00 
  
Categories          1         2         3         4         5         6 
  
Count              277       225       111       948         0         0 
Percent (%)       17.7      14.4       7.1      60.7        .0        .0 
Pt-Biserial       -.20      -.28      -.23       .48        NA        NA 
p-value           .000      .000      .000      .000        NA        NA 
Mean Ability       .34       .20       .11      1.01        NA        NA 
  
Step Labels                   1         2         3 
  
Thresholds                             .34       .34 
Error                                  .00       .00 
  
  
Item  124: SP9                                 Infit MNSQ = 1.15 
                                                     Disc =  .31 
  
Categories          1         2         3         4         5         6 
  
Count               62       423       546       463        60         0 
Percent (%)        4.0      27.2      35.1      29.8       3.9        .0 
Pt-Biserial       -.08      -.15       .29      -.03      -.22        NA 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     18240 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
     NA        NA        NA        NA 
     NA        NA        NA        NA        
 
 
 
 
 
 
 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     18247 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
APPENDIX XI  Analysis 2: Itanal 
 647 
p-value           .001      .000      .000      .100      .000        NA 
Mean Ability       .40       .51      1.02       .64      -.01        NA 
  
Step Labels                   1         2         3 
  
Thresholds                             .13       .97 
Error                                  .00       .00 
  
  
Item  125: SP10                                Infit MNSQ =  .82 
                                                     Disc =  .41 
  
Categories          1         2         3         4         5         6 
  
Count              129       952       455        41         0         0 
Percent (%)        8.2      60.4      28.9       2.6        .0        .0 
Pt-Biserial       -.22       .42      -.27      -.12        NA        NA 
p-value           .000      .000      .000      .000        NA        NA 
Mean Ability       .19       .95       .38       .22        NA        NA 
  
Step Labels                   1         2         3 
  
Thresholds                           -1.72       .64 
Error                                  .00       .00 
  
     NA        NA        NA        NA 
     NA        NA        NA        NA        
 
 
 
 
 
 
 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     18224 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
     NA        NA        NA        NA 
     NA        NA        NA        NA       
 
 
 
 
 
 
APPENDIX XI  Analysis 2: Itanal 
 648 
Item  126: SP11                                Infit MNSQ = 1.10 
                                                     Disc =  .36 
  
Categories          1         2         3         4         5         6 
  
Count              392       836       193       176         0         0 
Percent (%)       24.5      52.3      12.1      11.0        .0        .0 
Pt-Biserial       -.11       .34      -.25      -.13        NA        NA 
p-value           .000      .000      .000      .000        NA        NA 
Mean Ability       .54       .94       .24       .43        NA        NA 
  
Step Labels                   1         2         3 
  
Thresholds                            -.25       .46 
Error                                  .00       .00 
  
  
Item  127: SP12                                Infit MNSQ = 1.18 
                                                     Disc =  .44 
  
Categories          1         2         3         4         5         6 
  
Count               53       147      1231       149         0         0 
Percent (%)        3.4       9.3      77.9       9.4        .0        .0 
Pt-Biserial       -.18      -.27       .46      -.27        NA        NA 
 
 
126 
     7         H         I         X      missing 
  
      0         0         0         0     18204 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
     NA        NA        NA        NA 
     NA        NA        NA        NA       
 
 
 
 
 
 
 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     18221 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
APPENDIX XI  Analysis 2: Itanal 
 649 
p-value           .000      .000      .000      .000        NA        NA 
Mean Ability       .08       .14       .86       .15        NA        NA 
  
Step Labels                   1         2         3 
  
Thresholds                            -.55      -.36 
Error                                  .00       .00 
  
  
Item  128: SP13                                Infit MNSQ =  .91 
                                                     Disc =  .00 
  
Categories          1         2         3         4         5         6 
  
Count               94       331      1033       111         0         0 
Percent (%)        6.0      21.1      65.8       7.1        .0        .0 
Pt-Biserial       -.20      -.29       .46      -.20        NA        NA 
p-value           .000      .000      .000      .000        NA        NA 
Mean Ability       .15       .29       .93       .23        NA        NA 
  
Step Labels                   1         2 
  
Thresholds                            -.10 
Error                                  .00 
  
     NA        NA        NA        NA 
     NA        NA        NA        NA       
 
 
 
 
 
 
 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     18232 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
     NA        NA        NA        NA 
     NA        NA        NA        NA        
 
 
 
 
 
 
APPENDIX XI  Analysis 2: Itanal 
 650 
Item  129: SP14                                Infit MNSQ = 1.11 
                                                     Disc =  .42 
  
Categories          1         2         3         4         5         6 
  
Count               64        68        77      1372         0         0 
Percent (%)        4.0       4.3       4.9      86.8        .0        .0 
Pt-Biserial       -.28      -.22      -.21       .43        NA        NA 
p-value           .000      .000      .000      .000        NA        NA 
Mean Ability      -.16       .01       .08       .81        NA        NA 
  
Step Labels                   1         2         3 
  
Thresholds                           -1.56     -1.08 
Error                                  .00       .00 
  
  
Item  130: SP15                                Infit MNSQ =  .97 
                                                     Disc =  .45 
  
Categories          1         2         3         4         5         6 
  
Count              269      1127       113        71         0         0 
Percent (%)       17.0      71.3       7.2       4.5        .0        .0 
Pt-Biserial       -.26       .45      -.33      -.10        NA        NA 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     18220 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
     NA        NA        NA        NA 
     NA        NA        NA        NA       
 
 
 
 
 
 
 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     18221 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
APPENDIX XI  Analysis 2: Itanal 
 651 
p-value           .000      .000      .000      .000        NA        NA 
Mean Ability       .28       .90      -.07       .37        NA        NA 
  
Step Labels                   1         2         3 
  
Thresholds                            -.81      -.21 
Error                                  .00       .00 
  
  
Item  131: SP16                                Infit MNSQ =  .98 
                                                     Disc =  .56 
  
Categories          1         2         3         4         5         6 
  
Count              593       142        40        32       109        31 
Percent (%)       48.3      11.6       3.3       2.6       8.9       2.5 
Pt-Biserial        .58      -.16      -.13      -.13      -.26      -.05 
p-value           .000      .000      .000      .000      .000      .030 
Mean Ability      1.25       .46       .33       .24       .24       .55 
  
Step Labels                   1         2         3 
  
Thresholds                             .31       .58 
Error                                  .00       .00 
  
     NA        NA        NA        NA 
     NA        NA        NA        NA      
 
 
 
 
 
 
 
 
 
 
     7         H         I         X      missing 
  
    282         0         0         0     18572 
   22.9        .0        .0        .0 
   -.26        NA        NA        NA 
   .000        NA        NA        NA 
    .46        NA        NA        NA      
 
 
 
 
 
 
APPENDIX XI  Analysis 2: Itanal 
 652 
Item  132: SP17                                Infit MNSQ = 1.54 
                                                     Disc =  .17 
  
Categories          1         2         3         4         5         6 
  
Count               23       362      1165        19         0         0 
Percent (%)        1.5      23.1      74.3       1.2        .0        .0 
Pt-Biserial       -.13      -.11       .19      -.16        NA        NA 
p-value           .000      .000      .000      .000        NA        NA 
Mean Ability       .00       .56       .78      -.18        NA        NA 
  
Step Labels                   1         2         3 
  
Thresholds                            -.41      -.08 
Error                                  .00       .00 
  
  
Item  133: SQ1                                 Infit MNSQ = 1.13 
                                                     Disc =  .40 
  
Categories          1         2         3         4         5         6 
  
Count              212       191       111       390       664         0 
Percent (%)       13.5      12.2       7.1      24.9      42.3        .0 
Pt-Biserial       -.16      -.23      -.21      -.07       .44        NA 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     18232 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
     NA        NA        NA        NA 
     NA        NA        NA        NA      
 
 
 
 
 
 
 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     18233 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
APPENDIX XI  Analysis 2: Itanal 
 653 
p-value           .000      .000      .000      .003      .000        NA 
Mean Ability       .39       .27       .19       .59      1.09        NA 
  
Step Labels                   1         2         3 
  
Thresholds                             .42       .75 
Error                                  .00       .00 
  
  
Item  134: SQ2                                 Infit MNSQ = 1.11 
                                                     Disc =  .31 
  
Categories          1         2         3         4         5         6 
  
Count              249       269       249       732        75         0 
Percent (%)       15.8      17.1      15.8      46.5       4.8        .0 
Pt-Biserial       -.19      -.09      -.08       .34      -.19        NA 
p-value           .000      .000      .000      .000      .000        NA 
Mean Ability       .39       .55       .56       .98       .16        NA 
  
Step Labels                   1         2         3 
  
Thresholds                            -.38       .64 
Error                                  .00       .00 
  
     NA        NA        NA        NA 
     NA        NA        NA        NA        
 
 
 
 
 
 
 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     18227 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
     NA        NA        NA        NA 
     NA        NA        NA        NA      
 
 
 
 
 
 
APPENDIX XI  Analysis 2: Itanal 
 654 
Item  135: SQ3                                 Infit MNSQ =  .97 
                                                     Disc =  .00 
  
Categories          1         2         3         4         5         6 
  
Count              106       545        38       897         0         0 
Percent (%)        6.7      34.4       2.4      56.6        .0        .0 
Pt-Biserial       -.07       .30      -.14      -.21        NA        NA 
p-value           .004      .000      .000      .000        NA        NA 
Mean Ability       .54      1.02       .12       .56        NA        NA 
  
Step Labels                   1         2 
  
Thresholds                            1.20 
Error                                  .00 
  
  
Item  136: SQ4                                 Infit MNSQ =  .93 
                                                     Disc =  .00 
  
Categories          1         2         3         4         5         6 
  
Count               48      1433       103        20         0         0 
Percent (%)        3.0      89.3       6.4       1.2        .0        .0 
Pt-Biserial       -.19       .27      -.12      -.20        NA        NA 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     18215 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
     NA        NA        NA        NA 
     NA        NA        NA        NA        
 
 
 
 
 
 
 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     18197 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
APPENDIX XI  Analysis 2: Itanal 
 655 
p-value           .000      .000      .000      .000        NA        NA 
Mean Ability       .01       .76       .40      -.41        NA        NA 
  
Step Labels                   1         2 
  
Thresholds                           -1.56 
Error                                  .00 
  
  
Item  137: SQ5                                 Infit MNSQ =  .84 
                                                     Disc =  .45 
  
Categories          1         2         3         4         5         6 
  
Count             1195        96       136       175         0         0 
Percent (%)       74.6       6.0       8.5      10.9        .0        .0 
Pt-Biserial        .43      -.32      -.17      -.20        NA        NA 
p-value           .000      .000      .000      .000        NA        NA 
Mean Ability       .87      -.12       .32       .29        NA        NA 
  
Step Labels                   1         2         3 
  
Thresholds                           -1.22      -.32 
Error                                  .00       .00 
  
     NA        NA        NA        NA 
     NA        NA        NA        NA        
 
 
 
 
 
 
 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     18199 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
     NA        NA        NA        NA 
     NA        NA        NA        NA       
 
 
 
 
 
 
APPENDIX XI  Analysis 2: Itanal 
 656 
Item  138: SQ6                                 Infit MNSQ = 1.07 
                                                     Disc =  .43 
  
Categories          1         2         3         4         5         6 
  
Count               84        94       795       294       319         0 
Percent (%)        5.3       5.9      50.1      18.5      20.1        .0 
Pt-Biserial       -.11      -.18       .47      -.24      -.19        NA 
p-value           .000      .000      .000      .000      .000        NA 
Mean Ability       .40       .20      1.05       .34       .41        NA 
  
Step Labels                   1         2         3 
  
Thresholds                             .03       .50 
Error                                  .00       .00 
  
  
Item  139: SQ7                                 Infit MNSQ =  .96 
                                                     Disc =  .49 
  
Categories          1         2         3         4         5         6 
  
Count              186        86      1061       109       125         0 
Percent (%)       11.9       5.5      67.7       7.0       8.0        .0 
Pt-Biserial       -.17      -.19       .49      -.27      -.23        NA 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     18215 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
     NA        NA        NA        NA 
     NA        NA        NA        NA       
 
 
 
 
 
 
 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     18234 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
APPENDIX XI  Analysis 2: Itanal 
 657 
p-value           .000      .000      .000      .000      .000        NA 
Mean Ability       .37       .18       .94       .05       .17        NA 
  
Step Labels                   1         2         3 
  
Thresholds                            -.63      -.07 
Error                                  .00       .00 
  
  
Item  140: SQ8                                 Infit MNSQ =  .82 
                                                     Disc =  .00 
  
Categories          1         2         3         4         5         6 
  
Count              436       754       278       107         0         0 
Percent (%)       27.7      47.9      17.7       6.8        .0        .0 
Pt-Biserial       -.24       .57      -.37      -.13        NA        NA 
p-value           .000      .000      .000      .000        NA        NA 
Mean Ability       .41      1.14       .16       .34        NA        NA 
  
Step Labels                   1         2 
  
Thresholds                             .64 
Error                                  .00 
  
     NA        NA        NA        NA 
     NA        NA        NA        NA       
 
 
 
 
 
 
 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     18226 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
     NA        NA        NA        NA 
     NA        NA        NA        NA       
 
 
 
 
 
 
APPENDIX XI  Analysis 2: Itanal 
 658 
Item  141: SQ9                                 Infit MNSQ =  .89 
                                                     Disc =  .00 
  
Categories          1         2         3         4         5         6 
  
Count              102       401       222       185       621         0 
Percent (%)        6.7      26.2      14.5      12.1      40.6        .0 
Pt-Biserial       -.08      -.23      -.19      -.09       .44        NA 
p-value           .001      .000      .000      .000      .000        NA 
Mean Ability       .47       .41       .36       .51      1.11        NA 
  
Step Labels                   1         2 
  
Thresholds                             .94 
Error                                  .00 
  
  
Item  142: SQ10                                Infit MNSQ =  .93 
                                                     Disc =  .00 
  
Categories          1         2         3         4         5         6 
  
Count              738        33        85       108        77        77 
Percent (%)       51.8       2.3       6.0       7.6       5.4       5.4 
Pt-Biserial        .44      -.05      -.03      -.11      -.17      -.12 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     18270 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
     NA        NA        NA        NA 
     NA        NA        NA        NA        
 
 
 
 
 
 
 
 
 
 
     7         H         I         X      missing 
  
     52       254         0         0     18377 
    3.7      17.8        .0        .0 
   -.13      -.23        NA        NA 
APPENDIX XI  Analysis 2: Itanal 
 659 
p-value           .000      .042      .139      .000      .000      .000 
Mean Ability      1.06       .52       .63       .49       .27       .39 
  
Step Labels                   1         2 
  
Thresholds                             .49 
Error                                  .00 
  
  
Item  143: SR6                                 Infit MNSQ =  .99 
                                                     Disc =  .43 
  
Categories          1         2         3         4         5         6 
  
Count             1118       163       193       122         0         0 
Percent (%)       70.1      10.2      12.1       7.6        .0        .0 
Pt-Biserial        .48      -.27      -.24      -.23        NA        NA 
p-value           .000      .000      .000      .000        NA        NA 
Mean Ability       .91       .17       .26       .17        NA        NA 
  
Step Labels                   1         2         3 
  
Thresholds                            -.78      -.16 
Error                                  .00       .00 
  
   .000      .000        NA        NA 
    .28       .41        NA        NA      
 
 
 
 
 
 
 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     18205 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
     NA        NA        NA        NA 
     NA        NA        NA        NA        
 
 
 
 
 
 
APPENDIX XI  Analysis 2: Itanal 
 660 
Item  144: SR7                                 Infit MNSQ =  .97 
                                                     Disc =  .00 
  
Categories          1         2         3         4         5         6 
  
Count              297       722       338       214         0         0 
Percent (%)       18.9      46.0      21.5      13.6        .0        .0 
Pt-Biserial       -.14       .36      -.31       .00        NA        NA 
p-value           .000      .000      .000      .461        NA        NA 
Mean Ability       .48      1.00       .27       .69        NA        NA 
  
Step Labels                   1         2 
  
Thresholds                             .72 
Error                                  .00 
  
  
Item  145: SR8                                 Infit MNSQ = 1.26 
                                                     Disc =  .35 
  
Categories          1         2         3         4         5         6 
  
Count              375       951       204        61         0         0 
Percent (%)       23.6      59.8      12.8       3.8        .0        .0 
Pt-Biserial       -.24       .41      -.19      -.17        NA        NA 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     18230 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
     NA        NA        NA        NA 
     NA        NA        NA        NA        
 
 
 
 
 
 
 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     18210 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
APPENDIX XI  Analysis 2: Itanal 
 661 
p-value           .000      .000      .000      .000        NA        NA 
Mean Ability       .39       .93       .36       .14        NA        NA 
  
Step Labels                   1         2         3         4 
  
Thresholds                            -.61      -.27       .23 
Error                                  .00       .00       .00 
  
  
Item  146: SR9                                 Infit MNSQ =  .87 
                                                     Disc =  .00 
  
Categories          1         2         3         4         5         6 
  
Count              277       253        96       396       527         0 
Percent (%)       17.9      16.3       6.2      25.6      34.0        .0 
Pt-Biserial       -.13      -.24      -.18      -.05       .43        NA 
p-value           .000      .000      .000      .031      .000        NA 
Mean Ability       .48       .32       .22       .63      1.16        NA 
  
Step Labels                   1         2 
  
Thresholds                            1.22 
Error                                  .00 
  
     NA        NA        NA        NA 
     NA        NA        NA        NA        
 
 
 
 
 
 
 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     18252 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
     NA        NA        NA        NA 
     NA        NA        NA        NA        
 
 
 
 
 
 
APPENDIX XI  Analysis 2: Itanal 
 662 
Item  147: SR10                                Infit MNSQ =  .83 
                                                     Disc =  .44 
  
Categories          1         2         3         4         5         6 
  
Count              267       287       929       115         0         0 
Percent (%)       16.7      18.0      58.1       7.2        .0        .0 
Pt-Biserial       -.25      -.26       .47      -.17        NA        NA 
p-value           .000      .000      .000      .000        NA        NA 
Mean Ability       .33       .30       .98       .30        NA        NA 
  
Step Labels                   1         2         3 
  
Thresholds                           -1.09       .38 
Error                                  .00       .00 
  
  
Item  148: SR11                                Infit MNSQ =  .83 
                                                     Disc =  .45 
  
Categories          1         2         3         4         5         6 
  
Count              762       109       513       206         0         0 
Percent (%)       47.9       6.9      32.3      13.0        .0        .0 
Pt-Biserial        .43      -.26      -.17      -.20        NA        NA 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     18203 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
     NA        NA        NA        NA 
     NA        NA        NA        NA       
 
 
 
 
 
 
 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     18211 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
APPENDIX XI  Analysis 2: Itanal 
 663 
p-value           .000      .000      .000      .000        NA        NA 
Mean Ability      1.03       .08       .51       .33        NA        NA 
  
Step Labels                   1         2         3 
  
Thresholds                           -1.22       .87 
Error                                  .00       .00 
  
  
Item  149: SR13                                Infit MNSQ = 1.47 
                                                     Disc =  .57 
  
Categories          1         2         3         4         5         6 
  
Count              543         9        49        31        15        17 
Percent (%)       42.3        .7       3.8       2.4       1.2       1.3 
Pt-Biserial        .58      -.06      -.05      -.03      -.07      -.11 
p-value           .000      .013      .045      .153      .010      .000 
Mean Ability      1.31       .28       .60       .65       .41       .19 
  
Step Labels                   1         2         3         4         5 
  
Thresholds                           -2.13      1.01      1.21      1.33 
Error                                  .00       .00       .00       .00 
  
     NA        NA        NA        NA 
     NA        NA        NA        NA       
 
 
 
 
 
 
 
 
 
 
     7         H         I         X      missing 
  
    621         0         0         0     18516 
   48.3        .0        .0        .0 
   -.50        NA        NA        NA 
   .000        NA        NA        NA 
    .46        NA        NA        NA      
 
 
 
 
 
 
APPENDIX XI  Analysis 2: Itanal 
 664 
Item  150: SR14                                Infit MNSQ =  .70 
                                                     Disc =  .60 
  
Categories          1         2         3         4         5         6 
  
Count              448         5        98        27       117        50 
Percent (%)       35.2        .4       7.7       2.1       9.2       3.9 
Pt-Biserial        .60      -.03      -.25      -.05      -.09      -.12 
p-value           .000      .109      .000      .044      .001      .000 
Mean Ability      1.41       .36       .17       .48       .53       .31 
  
Step Labels                   1         2         3 
  
Thresholds                           -1.25      1.39 
Error                                  .00       .00 
  
  
Item  151: SS1A                                Infit MNSQ =  .95 
                                                     Disc =  .00 
  
Categories          1         2         3         4         5         6 
  
Count             1263        85        66        96         0         0 
Percent (%)       83.6       5.6       4.4       6.4        .0        .0 
Pt-Biserial        .25      -.15      -.08      -.17        NA        NA 
 
 
 
     7         H         I         X      missing 
  
    528         0         0         0     18528 
   41.5        .0        .0        .0 
   -.33        NA        NA        NA 
   .000        NA        NA        NA 
    .47        NA        NA        NA       
 
 
 
 
 
 
 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     18291 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
APPENDIX XI  Analysis 2: Itanal 
 665 
p-value           .000      .000      .001      .000        NA        NA 
Mean Ability       .66       .30       .41       .28        NA        NA 
  
Step Labels                   1         2 
  
Thresholds                           -1.07 
Error                                  .00 
  
  
Item  152: SS1B                                Infit MNSQ =  .94 
                                                     Disc =  .40 
  
Categories          1         2         3         4         5         6 
  
Count              514        39        36       692         0         0 
Percent (%)       40.1       3.0       2.8      54.0        .0        .0 
Pt-Biserial        .46      -.08      -.09      -.39        NA        NA 
p-value           .000      .002      .001      .000        NA        NA 
Mean Ability       .92       .41       .39       .49        NA        NA 
  
Step Labels                   1         2         3 
  
Thresholds                           -1.81      1.52 
Error                                  .00       .00 
  
     NA        NA        NA        NA 
     NA        NA        NA        NA      
 
 
 
 
 
 
 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     18520 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
     NA        NA        NA        NA 
     NA        NA        NA        NA     
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Item  153: SS2A                                Infit MNSQ =  .92 
                                                     Disc =  .00 
  
Categories          1         2         3         4         5         6 
  
Count              967        20       365         0         0         0 
Percent (%)       71.5       1.5      27.0        .0        .0        .0 
Pt-Biserial        .49      -.11      -.46        NA        NA        NA 
p-value           .000      .000      .000        NA        NA        NA 
Mean Ability       .78       .25       .32        NA        NA        NA 
  
Step Labels                   1         2 
  
Thresholds                            -.37 
Error                                  .00 
  
  
Item  154: SS2B                                Infit MNSQ =  .88 
                                                     Disc =  .49 
  
Categories          1         2         3         4         5         6 
  
Count              434        56       126        73        28       519 
Percent (%)       35.1       4.5      10.2       5.9       2.3      42.0 
Pt-Biserial        .56      -.17       .08      -.03       .02      -.51 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     18449 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
     NA        NA        NA        NA 
     NA        NA        NA        NA       
 
 
 
 
 
 
 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     18565 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
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p-value           .000      .000      .003      .170      .230      .000 
Mean Ability       .96       .27       .76       .61       .77       .40 
  
Step Labels                   1         2         3 
  
Thresholds                             .34       .94 
Error                                  .00       .00 
  
  
Item  155: SS2C                                Infit MNSQ = 2.13 
                                                     Disc =  .13 
  
Categories          1         2         3         4         5         6 
  
Count              283        17       121         2        88        67 
Percent (%)       24.6       1.5      10.5        .2       7.7       5.8 
Pt-Biserial        .47      -.06      -.05       .00       .04      -.30 
p-value           .000      .017      .045      .500      .108      .000 
Mean Ability       .93       .31       .47       .56       .59      -.03 
  
Step Labels                   1         2         3         4         5 
  
Thresholds                            -.52       .02       .73       .73       
. 
Error                                  .00       .00       .00       .00       
     NA        NA        NA        NA 
     NA        NA        NA        NA      
 
 
 
 
 
 
 
 
 
 
     7         H         I         X      missing 
  
    572         0         0         0     18651 
   49.7        .0        .0        .0 
   -.24        NA        NA        NA 
   .000        NA        NA        NA 
    .71        NA        NA        NA       
  
6         7 
  
73       .73 
 
00       .00 
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Item  156: ST1A                                Infit MNSQ =  .87 
                                                     Disc =  .56 
  
Categories          1         2         3         4         5         6 
  
Count             1042        15        75       528       158        43 
Percent (%)       40.4        .6       2.9      20.5       6.1       1.7 
Pt-Biserial        .66       .04      -.04      -.22      -.11      -.04 
p-value           .000      .022      .027      .000      .000      .022 
Mean Ability      1.10      1.11       .49       .37       .37       .48 
  
Step Labels                   1         2         3         4 
  
Thresholds                            -.13       .46       .76 
Error                                  .00       .00       .00 
  
  
Item  157: ST1B                                Infit MNSQ =  .67 
                                                     Disc =  .65 
  
Categories          1         2         3         4         5         6 
  
Count              172       317       442       122       167       667 
Percent (%)        6.7      12.4      17.3       4.8       6.5      26.2 
Pt-Biserial        .32       .32       .32       .12      -.23      -.35 
 
 
 
     7         H         I         X      missing 
  
    720         0         0         0     17220 
   27.9        .0        .0        .0 
   -.44        NA        NA        NA 
   .000        NA        NA        NA 
    .22        NA        NA        NA       
 
 
 
 
 
 
 
 
 
 
     7         H         I         X      missing 
  
    663         0         0         0     17251 
   26.0        .0        .0        .0 
   -.27        NA        NA        NA 
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p-value           .000      .000      .000      .000      .000      .000 
Mean Ability      1.35      1.13      1.04       .95       .15       .29 
  
Step Labels                   1         2         3         4 
  
Thresholds                             .91      1.13      1.80 
Error                                  .00       .00       .00 
  
  
Item  158: ST2A                                Infit MNSQ =  .85 
                                                     Disc =  .00 
  
Categories          1         2         3         4         5         6 
  
Count              772       163       151       797       124       468 
Percent (%)       31.2       6.6       6.1      32.2       5.0      18.9 
Pt-Biserial        .47      -.15       .00      -.16       .00      -.28 
p-value           .000      .000      .480      .000      .412      .000 
Mean Ability      1.03       .31       .61       .46       .59       .28 
  
Step Labels                   1         2 
  
Thresholds                            1.34 
Error                                  .00 
  
   .000        NA        NA        NA 
    .37        NA        NA        NA       
 
 
 
 
 
 
 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     17326 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
     NA        NA        NA        NA 
     NA        NA        NA        NA     
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Item  159: ST2B                                Infit MNSQ = 1.14 
                                                     Disc =  .31 
  
Categories          1         2         3         4         5         6 
  
Count              226        20       164       183       759        92 
Percent (%)        9.7        .9       7.0       7.9      32.6       4.0 
Pt-Biserial        .27       .05      -.11       .18      -.04       .03 
p-value           .000      .014      .000      .000      .035      .072 
Mean Ability      1.17       .94       .35       .99       .59       .72 
  
Step Labels                   1         2         3         4 
  
Thresholds                             .03       .34      1.99 
Error                                  .00       .00       .00 
  
  
Item  160: SU1A                                Infit MNSQ = 1.09 
                                                     Disc =  .54 
  
Categories          1         2         3         4         5         6 
  
Count             1172       472        79       224       110        44 
Percent (%)       39.1      15.8       2.6       7.5       3.7       1.5 
Pt-Biserial        .33       .29      -.05      -.12      -.08      -.02 
 
 
 
     7         H         I         X      missing 
  
    571       313         0         0     17473 
   24.5      13.4        .0        .0 
   -.22       .00        NA        NA 
   .000      .468        NA        NA 
    .39       .61        NA        NA      
 
 
 
 
 
 
 
 
 
 
     7         H         I         X      missing 
  
    895         0         0         0     16805 
   29.9        .0        .0        .0 
   -.46        NA        NA        NA 
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p-value           .000      .000      .002      .000      .000      .154 
Mean Ability       .86      1.04       .39       .29       .33       .48 
  
Step Labels                   1         2         3         4 
  
Thresholds                             .31       .39       .43 
Error                                  .00       .00       .00 
  
  
Item  161: SU1B                                Infit MNSQ =  .98 
                                                     Disc =  .54 
  
Categories          1         2         3         4         5         6 
  
Count              269        82       774       119       161       169 
Percent (%)        9.7       3.0      27.9       4.3       5.8       6.1 
Pt-Biserial        .23       .09       .29       .09       .15      -.06 
p-value           .000      .000      .000      .000      .000      .001 
Mean Ability      1.09       .91       .95       .92       .98       .48 
  
Step Labels                   1         2         3 
  
Thresholds                             .31       .61 
Error                                  .00       .00 
  
   .000        NA        NA        NA 
    .12        NA        NA        NA       
 
 
 
 
 
 
 
 
 
 
     7         H         I         X      missing 
  
     91      1107         0         0     17029 
    3.3      39.9        .0        .0 
   -.09      -.48        NA        NA 
   .000      .000        NA        NA 
    .31       .24        NA        NA      
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Item  162: SU2A                                Infit MNSQ =  .78 
                                                     Disc =  .57 
  
Categories          1         2         3         4         5         6 
  
Count              964        14       298       127       113       125 
Percent (%)       33.6        .5      10.4       4.4       3.9       4.4 
Pt-Biserial        .45       .02       .15       .03      -.14      -.15 
p-value           .000      .184      .000      .073      .000      .000 
Mean Ability      1.03       .68       .87       .71       .17       .15 
  
Step Labels                   1         2         3 
  
Thresholds                            -.44       .75 
Error                                  .00       .00 
  
  
Item  163: SU2B                                Infit MNSQ =  .91 
                                                     Disc =  .64 
  
Categories          1         2         3         4         5         6 
  
Count              348        80       209        60        61       109 
Percent (%)       16.2       3.7       9.7       2.8       2.8       5.1 
Pt-Biserial        .42       .14       .31       .07       .07       .03 
 
 
 
     7         H         I         X      missing 
  
    387       281       561         0     16931 
   13.5       9.8      19.5        .0 
   -.13       .03      -.44        NA 
   .000      .074      .000        NA 
    .37       .63       .00        NA       
 
 
 
 
 
 
 
 
 
 
     7         H         I         X      missing 
  
     52       380       852         0     17650 
    2.4      17.7      39.6        .0 
    .00      -.14      -.51        NA 
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p-value           .000      .000      .000      .001      .001      .061 
Mean Ability      1.34      1.18      1.38       .94       .95       .77 
  
Step Labels                   1         2         3         4 
  
Thresholds                             .69       .83      1.07 
Error                                  .00       .00       .00 
  
  
Item  164: SV1                                 Infit MNSQ =  .92 
                                                     Disc =  .49 
  
Categories          1         2         3         4         5         6 
  
Count             1839        93       508       135        43        82 
Percent (%)       60.8       3.1      16.8       4.5       1.4       2.7 
Pt-Biserial        .29      -.10       .14       .02      -.06      -.21 
p-value           .000      .000      .000      .132      .000      .000 
Mean Ability       .81       .12       .88       .71       .22      -.29 
  
Step Labels                   1         2         3         4 
  
Thresholds                            -.97      -.55      -.51 
Error                                  .00       .00       .00 
  
   .500      .000      .000        NA 
    .66       .46       .31        NA      
 
 
 
 
 
 
 
 
 
 
     7         H         I         X      missing 
  
    138         3       184         0     16776 
    4.6        .1       6.1        .0 
   -.30      -.04      -.31        NA 
   .000      .010      .000        NA 
   -.34      -.52      -.27        NA     
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Item  165: SV2                                 Infit MNSQ =  .89 
                                                     Disc =  .69 
  
Categories          1         2         3         4         5         6 
  
Count              703         3       213        20       283       178 
Percent (%)       28.5        .1       8.6        .8      11.5       7.2 
Pt-Biserial        .60       .04       .15       .04      -.21      -.08 
p-value           .000      .023      .000      .017      .000      .000 
Mean Ability      1.51      1.91      1.14      1.05       .31       .51 
  
Step Labels                   1         2         3         4         5 
  
Thresholds                             .41       .76       .88       .99 
Error                                  .00       .00       .00       .00 
  
  
Item  166: SV3                                 Infit MNSQ =  .83 
                                                     Disc =  .49 
  
Categories          1         2         3         4         5         6 
  
Count              235       207      1349      1360         0         0 
Percent (%)        7.5       6.6      42.8      43.2        .0        .0 
Pt-Biserial       -.21      -.32      -.17       .43        NA        NA 
 
 
 
     7         H         I         X      missing 
  
    228        22         4       817     17330 
    9.2        .9        .2      33.1 
    .04      -.07      -.02      -.50 
   .032      .000      .118      .000 
    .77       .11       .34       .21       
 
 
 
 
 
 
 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     16666 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
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p-value           .000      .000      .000      .000        NA        NA 
Mean Ability       .02      -.36       .46       .98        NA        NA 
  
Step Labels                   1         2         3 
  
Thresholds                           -1.28      1.15 
Error                                  .00       .00 
  
  
Item  167: SV4                                 Infit MNSQ = 1.01 
                                                     Disc =  .54 
  
Categories          1         2         3         4         5         6 
  
Count             1553        44       265       107       137        15 
Percent (%)       50.7       1.4       8.6       3.5       4.5        .5 
Pt-Biserial        .55      -.13      -.11      -.09       .02      -.02 
p-value           .000      .000      .000      .000      .193      .128 
Mean Ability      1.02      -.25       .30       .24       .64       .32 
  
Step Labels                   1         2         3 
  
Thresholds                             .31       .40 
Error                                  .00       .00 
  
     NA        NA        NA        NA 
     NA        NA        NA        NA     
 
 
 
 
 
 
 
 
 
 
     7         H         I         X      missing 
  
    944         0         0         0     16874 
   32.3        .0        .0        .0 
   -.51        NA        NA        NA 
   .000        NA        NA        NA 
    .10        NA        NA        NA       
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Item  168: LI09/R12                            Infit MNSQ =  .92 
                                                     Disc =  .59 
  
Categories          1         2         3         4         5         6 
  
Count              613       242      1916       154         0         0 
Percent (%)       21.0       8.3      65.5       5.3        .0        .0 
Pt-Biserial       -.46      -.15       .57      -.19        NA        NA 
p-value           .000      .000      .000      .000        NA        NA 
Mean Ability      -.17       .06       .71      -.16        NA        NA 
  
Step Labels                   1         2         3         4 
  
Thresholds                            -.22      -.01       .19 
Error                                  .00       .00       .00 
  
  
Item  169: LK07/E6                             Infit MNSQ = 2.24 
                                                     Disc =  .00 
  
Categories          1         2         3         4         5         6 
  
Count              271       301       441       353         0         0 
Percent (%)       19.8      22.0      32.3      25.8        .0        .0 
Pt-Biserial        .05       .19      -.13      -.08        NA        NA 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     16873 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
     NA        NA        NA        NA 
     NA        NA        NA        NA      
 
 
 
 
 
 
 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     18438 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
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p-value           .040      .000      .000      .002        NA        NA 
Mean Ability      -.59      -.52      -.71      -.67        NA        NA 
  
Step Labels                   1         2 
  
Thresholds                            1.72 
Error                                  .00 
  
  
Item  170: LL02/M3                             Infit MNSQ =  .86 
                                                     Disc =  .40 
  
Categories          1         2         3         4         5         6 
  
Count             2111        99       428       348         0         0 
Percent (%)       70.7       3.3      14.3      11.7        .0        .0 
Pt-Biserial        .45      -.18      -.27      -.25        NA        NA 
p-value           .000      .000      .000      .000        NA        NA 
Mean Ability       .27      -.67      -.51      -.41        NA        NA 
  
Step Labels                   1         2         3 
  
Thresholds                            -.78      -.23 
Error                                  .00       .00 
  
     NA        NA        NA        NA 
     NA        NA        NA        NA       
 
 
 
 
 
 
 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     16811 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
     NA        NA        NA        NA 
     NA        NA        NA        NA      
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Item  171: LL04/L13                            Infit MNSQ = 5.30 
                                                     Disc =  .41 
  
Categories          1         2         3         4         5         6 
  
Count              176       132      2465       157         6         1 
Percent (%)        6.0       4.5      83.7       5.3        .2        .0 
Pt-Biserial       -.24      -.24       .46      -.28       .00       .00 
p-value           .000      .000      .000      .000      .440      .426 
Mean Ability      -.68      -.79      -.28      -.81      -.15      -.05 
  
Step Labels                   1         2         3         4         5 
  
Thresholds                           -1.53     -1.38     -1.09     -1.09      
-. 
Error                                  .00       .00       .00       .00        
  
  
Item  172: LL08/L12                            Infit MNSQ =  .56 
                                                     Disc =  .51 
  
Categories          1         2         3         4         5         6 
  
Count             1423        67        47      1387        32         5 
Percent (%)       46.8       2.2       1.5      45.6       1.1        .2 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     16873 
     .0        .0        .0        .0 
     NA        NA        NA        NA 
     NA        NA        NA        NA 
     NA        NA        NA        NA      
 
 
 
 
 
 
 
 
 
 
 
     7         H         I         X      missing 
  
      0         0         0         0     16838 
     .0        .0        .0        .0 
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Pt-Biserial       -.47      -.12      -.20       .59      -.04       .01 
p-value           .000      .000      .000      .000      .017      .367 
Mean Ability      -.55      -.69      -.99      -.12      -.34      -.21 
  
Step Labels                   1         2         3         4         5 
  
Thresholds                           -1.63      -.18      -.07      -.07       
. 
Error                                  .00       .00       .00       .00         
  
  
Item  173: LU02/I6                             Infit MNSQ = 1.13 
                                                     Disc =  .36 
  
Categories          1         2         3         4         5         6 
  
Count             1393        53       210       326       692        74 
Percent (%)       37.6       1.4       5.7       8.8      18.7       2.0 
Pt-Biserial        .28       .07      -.09       .17      -.03      -.01 
p-value           .000      .000      .000      .000      .020      .365 
Mean Ability       .13       .24      -.43       .37      -.14      -.12 
  
Step Labels                   1         2         3 
  
Thresholds                            -.59      -.12 
Error                                  .00       .00 
     NA        NA        NA        NA 
     NA        NA        NA        NA 
     NA        NA        NA        NA    
 
 
 
 
 
 
 
 
s 
 
     7         H         I         X      missing 
  
    111       326       603         0     15856 
    2.8       8.3      15.3        .0 
   -.05      -.01      -.31        NA 
   .000      .307      .000        NA 
    .54       .50       .03        NA       
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Population 1 
Item  
Distractor 
or 
Category 
PCM 
Re-coding Distractor Description Distractor Inference 
I01 A 1 Misreads given numbers Misreads the problem 
I01 B 4 Correct Understands direction and distance 
I01 C 3 Does not count starting position for E direction Miscounts steps on grid 
I01 D 2 Reverses directions 3N-2E instead of 3E-2N Problem with compass points 
I01 E 3 Does not count starting position for N direction Post-and-rails problem 
I02 A 2 Ignores decimal point Problems with place value notation for 
tenths 
I02 B 4 Correct Understands place value to tenths 
I02 C 3 Confuses tenths with hundredths Decimal place-value problem 
I02 D 1 Interprets decimal representation as vulgar fraction Misunderstands decimal notation 
I03 A 1 Finds difference smaller than 300 Misreads 'greater' as smaller 
I03 B 2 Finds difference smaller than 300 Misreads 'greater' as smaller 
I03 C 3 Finds difference smaller than 300 Smaller-from-larger 
I03 D 3 Correct Can subtract 
I04 A 2 Adds 300 to make 3-digit number No idea of multiplication 
I04 B 2 Adds 3 units to make 3-digit number No idea of multiplication 
I04 C 3 Correct Can perform simple one-digit by two-digit 
multiplication 
I04 D 1 Adds 3 Confuses addition with multiplication 
I05 A 4 Correct Solves two-step problems, involving 
multiplication and division 
I05 B 1 Two litres Guess Cannot solve two-step problem involving 
division and multiplication 
I05 C 2 Multiplies two given numbers Does not understand a two-step problem 
I05 D 3 Divides the whole numbers 15 and 5 only One-step answer to two-step problem 
I06 A 2 Mixed sides Misunderstands 'straight' definition 
I06 B 1 Misreads 'straight' sides Does not understand the question 
I06 C 3 Ignores curved corners  Misunderstands 'straight' definition 
I06 D 4 Correct Understands meaning of straight sides 
I06 E 1 Guess Does not understand the question 
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Item  
Distractor 
or 
Category 
PCM 
Re-coding Distractor Description Distractor Inference 
I07 A 2 Adds Uses given numbers in a word problem 
I07 B 1 Misreads 'long' as 'left' Reading problem 
I07 C 3 Divides Uses given numbers in a subtraction word 
problem 
I07 D 4 Correct Discerns subtraction in a word problem 
I08 A 4 Correct Understands equivalent fractions 
I08 B 1 Guess Does not understand equivalent fractions 
I08 C 2 One white section in each Does not understand equivalent fractions 
I08 D 3 Matches by number of shaded parts Part-to-part meaning for fraction 
I09 A 1 4369 Smaller from larger Smaller from larger misconception 
I09 B 2 3742 Incorrect decomposition and error in basic subtraction fact Misunderstands decomposition algorithm 
I09 C 4 3631 Correct Can subtract two four-digit numbers 
involving zeroes 
I09 D 3 3531 Problems in decomposition of 100s Basic fact error 
J01 A 2 Correct Knows basic geometric shapes (triangle) 
J01 B 1 Selects square Does not know basic geometric shapes 
J01 C 3 Selects pentagon Does not know basic geometric shapes 
J01 D 2 Selects rectangle Does not know basic geometric shapes 
J02 A 1 Does not recognize vertical line of symmetry Does not recognize vertical line of 
symmetry 
J02 B 1 Does not recognize horizontal line of symmetry Does not recognize horizontal line of 
symmetry 
J02 C 3 Correct Understands lines of symmetry 
J02 D 2 Does not recognize oblique line of symmetry Does not recognize oblique line of 
symmetry 
J03 A 1 Reads 'homework' percentage only One cue too strong 
J03 B 1 Reads 'playing' percentage only One cue too strong 
J03 C 2 Mis-adds 15% and 10% Poor addition skills 
J03 D 3 Correct Can read a pie-graph 
J03 E 2 Mis-adds 15% and 10% Poor addition skills 
J04 A 1 Focus on multiplier differences Misunderstands the problem 
J04 B 3 Correct Understands multiplication concept 
Appendix XII  Analysis 2: PCM re-codings 
 683 
Item  
Distractor 
or 
Category 
PCM 
Re-coding Distractor Description Distractor Inference 
J04 C 2 Confuses multiplier and multiplicand Misunderstands multiplication concept 
J04 D 2 Confuses multiplier and multiplicand Misunderstands multiplication concept 
J05 A 2 Confuses + and - in first row Uses first row only to generate pattern 
J05 B 2 Uses first row only Uses first row only to generate pattern 
J05 C 1 Confuses column A and B Uses first row only to generate pattern 
J05 D 3 Correct Can find rule for multiplicative pattern 
J06 A 2 Correct Understands metric unit relationships 
J06 B 1 Misunderstands metric unit relationships Misunderstands metric unit relationships 
J06 C 1 Misunderstands metric unit relationships Misunderstands metric unit relationships 
J06 D 1 Misunderstands metric unit relationships Misunderstands metric unit relationships 
J07 A 2 Uses all 'parts' to name a fraction Part-to-part problem 
J07 B 2 Uses all 'parts' to name a fraction Part-to-part problem 
J07 C 1 Miscounts shaded parts Counting problem 
J07 D 3 Correct Understands fraction concept 
J08 A 2 Rounds down to next ten for estimating Rounds down to lower ten 
J08 B 3 Uses mid-points (5) for estimating Uses mid-points as estimate 
J08 C 4 Correct Can round to nearest ten for estimate in 
addition 
J08 D 1 Misreads given numbers as sixties Reading problem 
J09 A 1 Does not understand 100 chart structure Does not understands place-value to 100 
J09 B 1 Does not understand 100 chart structure Does not understands place-value to 100 
J09 C 1 Does not understand 100 chart structure Does not understands place-value to 100 
J09 D 2 Correct Understands place-value to 100 
K01 A 3 Correct Can read a Venn diagram 
K01 B 1 Square/circle cues too strong Misreads question (misses NOT) 
K01 C 2 Triangle/circle cues too strong Misreads question 
K01 D 2 NOT cue too strong Misreads question 
K02 A 1 Does not 'carry' correctly beyond units Does not understand place value in 
addition beyond units 
K02 B 2 Does not 'carry' correctly beyond units Does not understand place value in 
addition beyond units 
K02 C 3 Correct Understands place value 
K02 D 2 Does not 'carry' correctly beyond units except in last place Does not understand place value in 
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addition beyond units 
K03 A 2 Divides instead of multiplying Does not understand the question 
K03 B 1 Adds instead of multiplying Does not understand the question 
K03 C 1 Subtracts instead of multiplying Does not understand the question 
K03 D 3 Correct Understands the question 
K04 A 3 Correct Can add and subtract three-digit numbers 
K04 B 1 Subtracts final scores Can subtract three-digit numbers 
K04 C 2 Subtraction problem Cannot subtract correctly 
K04 D 1 Subtraction problem Cannot subtract correctly 
K05 A 2 Poor estimation of length Poor length estimator 
K05 B 3 Correct Good length estimator 
K05 C 1 Real pencil length Misread cue (picture of a pencil) 
K05 D 2 Poor estimation of length Poor length estimator 
K06 A 1 Uses next in sequence not 6th Misreads figure number 
K06 B 2 Uses 5th in sequence not 6th Misreads figure number 
K06 C 3 Correct Extends a multiplicative pattern 
K06 D 2 Uses 7th in sequence not 6th Misreads figure number 
K07 A 1 Confuses number of sides with length Does not understand perimeter 
K07 B 3 Correct Understands perimeter 
K07 C 2 Doesn't remember two equal sides are 12cm Does not understand perimeter 
K07 D 1 Thinks that P-W is length Does not understand perimeter 
K08 A 1 Misread NOT in question Misread NOT in question 
K08 B 1 Misread NOT in question Misread NOT in question 
K08 C 1 Misread NOT in question Misread NOT in question 
K08 D 2 Correct Correct 
K09 A 2 Multiplies two given numbers Does not understand two-step problem 
K09 B 3 Correct Understands two-step problem involving 
division and multiplication 
K09 C 1 Guess Guess 
K09 D 2 Multiplies two given numbers Does not understand two-step problem 
K09 E 3 Divides two given numbers Does not understand two-step problem 
L01 10 4 Correct Can interpret key in a pictograph 
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L01 70 2 5, 6, 61/2, or 7 Cannot interpret key in a pictograph 
L01 71 1 1 Cannot interpret key in a pictograph 
L01 72 3 650 Cannot interpret key in a pictograph and 
adds two given numbers 
L01 79 1 Other incorrect  Cannot read a pictograph 
L02 A 3 Correct Able to use basic concept of probability 
L02 B 2 Selects 100 marbles Possible confusion with percentages 
L02 C 2 Selects 1000 marbles Most objects equated with greatest chance 
L02 D 1 Focuses on the one red marble Does not understand concept of probability 
L03 A 3 Correct Can read a street directory 
L03 B 2 Mis-uses D, 2 as second item in row D Confused about second axis on graph 
L03 C 2 Uses only x-axis Reads only one axis 
L03 D 1 Guess Cannot read a street directory 
L04 A 1 Misunderstands repeating part of pattern Cannot discern a pattern 
L04 B 2 One pattern element dominates thinking Cannot discern two elements of a pattern 
L04 C 3 Correct Can discern a pattern 
L04 D 1 Guess Cannot discern a pattern 
L05 A 1 Misreads 'face' for 'edge'  Reading problem 
L05 B 1 Misreads 'edge' for 'vertex' Reading problem 
L05 C 3 Correct Good understanding of edge and face 
relationship 
L05 D 2 Multiplies faces by 4 edges Understands cube is 6 squares 
L06 A 1 Incorrect 'zero' rule used for multiplication Mis-uses 'add zeroes' rule for multiplication 
L06 B 2 Correct Correct multiplication by 1000 
L06 C 1 Ignores decimal point in multiplication Cannot multiply with 999 
L06 D 1 900 000g  Cannot multiply by a 1000 
L07 A 1 Subtracts smaller from larger digits Subtracts smaller from larger digits 
L07 B 2 Confuses 100s and 10s places Place value error 
L07 C 3 Correct Understands place values 
L07 D 2 Confuses 1000s and 100s places Place value error 
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L08 A 1 Confuses more steps as longer pace Scale ideas confused 
L08 B 1 Guess Poor ideas of scale 
L08 C 1 Guess Poor ideas of scale 
L08 D 2 Correct Understands scale ideas 
L09 A 3 Correct Understands simple logical relationship 
L09 B 2 Misunderstands 'older than' Reverses relationship 
L09 C 1 Guess Guess 
L09 D 1 Is not able to work out an answer Unable to solve the problem 
M01 A 1 Distracted by symmetry or orientation of spinner Misunderstands the idea of 'best' chance 
M01 B 3 Correct Understands proportion for succes 
M01 C 2 Less shaded area Confused idea of 'best' chance 
M01 D 2 Less shaded area Confused idea of 'best' chance 
M02 10 3 24 Can solve a two-step addition and 
subtraction problem 
M02 70 2 30 Zero subtraction error (0-N=0) 
M02 71 2 34 Fails to 'borrow and pay-back' correctly 
M02 72 2 36 Adds only 
M02 79 1 Other incorrect Cannot add, subtract and complete two-
step problems 
M03 A 4 Correct Understands commutative principle for 
multiplication 
M03 B 2 Equates addition and multiplication (X+7, 7*X) Equates addition and multiplication (X+7, 
7*X) 
M03 C 1 Equates subtraction and multiplication (X-7, 7*X) Equates subtraction and multiplication (X-
7, 7*X) 
M03 D 2 Equates addition and multiplication (7+X, 7*X) Equates addition and multiplication (7+X, 
7*X) 
M03 E 3 Equates addition and multiplication (X+7, 7*X) Equates addition and multiplication (X+7, 
7*X) 
M04 10 3 3 and 2 in that order Uses grid co-ordinates correctly 
M04 70 2 2 and 3 in that order Reverses grid co-ordinates 
M04 79 1 Other incorrect Cannot use co-ordinate system 
M05 A 1 Decimal record fractional parts Does not understand decimal notation 
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M05 B 1 Two parts shaded means a half Does not understand vulgar fractions 
M05 C 3 Correct Correctly uses decimal notation 
M05 D 2 Numerically correct but place Value problem Does not understand some of decimal 
notation 
M06 A 4 Correct Understands place value to hundreds 
M06 B 3 Adds 2 Place value problems with hundreds 
M06 C 1 Subtracts 2 Place value problems with hundreds, poor 
logic 
M06 D 2 Numerically correct but subtracts Misunderstands logic of the problem 
M07 A 4 Correct Knows metric units 
M07 B 1 Millilitres for mass Does not know metric units 
M07 C 2 Millilitres for large volume Metric unit 'size' problem 
M07 D 3 Millilitres for length Does not know metric units 
M08 A 2 Reads only thousands and hundreds places Place value problems 
M08 B 1 Mis-reads 'largest' as 'smallest' Reading problem 
M08 C 1 Reads only tens and units places Place value problems 
M08 D 3 Correct Understands place value to thousands 
M09 A 3 Correct Can solve problems with pro-numerals 
M09 B 2 Does not understand <> symbols Does not understand <> symbols 
M09 C 1 Reads x as + Reading problem 
M09 D 1 Reads x as addition Does not understand <> symbols 
S01 20 5 Completely correct bar-graph No problems with bar-graphs 
S01 21 3 Substantially correct bar-graph Minor problems drawing a bar-graph 
S01 10 4 Partially correct bar-graph Has difficulty drawing a bar-graph 
S01 11 3 Bar-graph with correct heights only Major problems drawing a bar-graph 
S01 70 2 No bar-graph drawn Substantial problems drawing a bargraph 
S01 79 1 Other incorrect Substantial problems drawing a bar-graph 
S02 10 4 700 or seven hundred Understands place value to hundreds 
S02 70 2 7 Misunderstands the question 
S02 71 3 43 Understands part of the question to be 
addition 
S02 72 3 70 Does not understand place value 
S02 73 2 Uses digits 2739 in other ways Does not understand place value 
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S02 79 1 Other incorrect Does not understand place value 
S03 20 4 Correct calculation of 96.4-333.2=63.2 Solves measurement problem 
S03 10 3 Correct answer but no working Solves measurement problem 
S03 11 3 Subtraction used but answer incorrect Partially solves measurement problem 
S03 19 3 Partially correct solution Partially solves measurement problem 
S03 70 2 Incorrect answers or method Cannot solve subtraction problem in 
measurement 
S03 79 1 Other incorrect Cannot perform measurement subtraction 
S04 10 2 30 Uses multiplication and division to solve a 
two-step problem 
S04 70 1 10 Uses number in question as the answer 
S04 71 1 15 Chooses incorrect unit for multiplication in 
solution 
S04 72 1 20 Does not understand how to solve a 
multiplicative problem 
S04 73 1 21 Does not understand how to solve a 
multiplicative problem 
S04 74 1 25 Does not understand how to solve a 
multiplicative problem 
S04 75 1 40 Does not understand how to solve a 
multiplicative problem 
S04 79 1 Other Incorrect Does not understand how to solve a 
multiplicative problem 
S05 10 5 4 Good estimation of length 
S05 11 5 5 Poor estimation of length 
S05 19 5 Within 4<X>5.5 Reasonable estimation of length 
S05 70 1 Less than 3 Poor estimation of length 
S05 71 3 Within 3<X>4 Reasonable estimation of length 
S05 72 2 Within 6.5<X>8 Very poor estimation of length 
S05 73 1 Within 5.5<X>6.6 Poor estimation of length 
S05 79 4 Other incorrect Unable to estimate length 
T01a 10 3 25 Reads the y-axis on a bar-graph correctly 
T01a 70 2 5 Interprets the y-axis on a bar-graph as a 
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one-to-one scale 
T01a 79 1 Other incorrect Reads the y-axis incorrectly 
T01b 20 2 125 with calculations shown Reads the data from the y-axis and uses it 
to solve a problem 
T01b 21 2 125 verbal explanation of correct procedure Reads the data from the y-axis and uses it 
to solve a problem 
T01b 29 2 Other correct Reads the data from the y-axis and uses it 
to solve a problem 
T01b 10 2 Addition used incorrectly Can read the y-axis 
T01b 11 2 125 but no working shown Can read the y-axis 
T01b 19 2 Other partially correct Can read the y-axis 
T01b 70 1 115 or 135 Incorrect addition Cannot add correctly 
T01b 71 1 25 Does not understand how to solve the 
problem 
T01b 79 1 Other incorrect Does not understand how to solve the 
problem 
T02 10 2 1349 Understands place value up to thousands 
T02 70 2 1, 3, 4, 9 Does not understand the question 
T02 71 2 1 The smallest of the numbers Does not understand the question 
T02 72 1 4 Counts how many numbers Does not understand the question 
T02 73 1 17 Adds the numbers Does not understand the question 
T02 74 1 Any four digit number with 1, 3, 4, 9 except 1349 Does not understand place value 
T02 75 2 13 Misunderstands the question 
T02 79 1 Other incorrect Mis-understands the question 
T03 10 3 05:30 or 5:30 Can subtract time 
T03 11 3 Correct written answer Can subtract time 
T03 70 2 04:30 and equivalents Incorrect subtraction 
T03 71 2 06:00 and equivalents Incorrect subtraction 
T03 72 2 06:30 and equivalents Incorrect subtraction 
T03 73 1 08:30 and equivalents Misunderstands question, adds 
T03 79 1 Other incorrect Cannot solve subtraction of time problems 
T04a 10 2 YES Response says that 10 is half of 20 or 20 is twice 10 Understands a ratio 
T04a 19 2 Other correct explanations Understands a ratio 
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T04a 70 1 NO Unsatisfactory explanation Does not understand ratio 
T04a 71 1 NO No explanation Does not understand ratio 
T04a 72 1 YES Unsatisfactory explanation Does not understand ratio 
T04a 73 1 YES No explanation Does not understand ratio 
T04a 79 1 Other incorrect Does not understand ratio 
T04b 10 2 NO Response says that 10 is not half of 30 Understands a ratio 
T04b 19 2 Other correct explanations Understands a ratio 
T04b 70 1 YES Unsatisfactory explanation Does not understand ratio 
T04b 71 1 YES No explanation Does not understand ratio 
T04b 72 1 NO Unsatisfactory explanation Does not understand ratio 
T04b 73 1 NO No explanation Does not understand ratio 
T04b 79 1 Other incorrect Does not understand ratio 
T05 10 2 Correct drawing Can visualize accurately 
T05 11 2 Correct drawing of remaining paper Can visualize accurately 
T05 19 1 Other correct Can visualize accurately 
T05 70 1 Incorrect fold-line visualized Cannot visualize accurately 
T05 71 1 No fold-line visualized Cannot visualize accurately 
T05 72 1 Incomplete visualization of cut-out figure Cannot visualize accurately 
T05 79 1 Other incorrect Cannot visualize accurately 
U01 20 2 14 triangles drawn Can visualize accurately 
U01 10 2 14 but incorrect triangles drawn Can visualize accurately 
U01 11 2 14 no drawing Can visualize accurately 
U01 12 2 Drawing correct but triangles miscounted Can visualize accurately 
U01 70 1 Incorrect drawing and count Cannot visualize accurately 
U01 79 1 Other incorrect Cannot visualize accurately 
U02 10 2 A fraction with numerator greater than 2 and a denominator equal to 7 Understand concept of vulgar fraction  
U02 11 2 A fraction with numerator equal to 2 and a denominator less than 7 Understand concept of vulgar fraction  
U02 12 2 Three-eighths Understand concept of vulgar fraction  
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U02 13 2 One-half. (Other fractions with numeric value equal to one-half are coded 19) Understand concept of vulgar fraction  
U02 19 2 Other correct fractions Understand concept of vulgar fraction  
U02 70 1 One-seventh Misunderstands the question 
U02 71 1 Four-fourteenths Believes doubling digits changes the value 
of a vulgar fraction 
U02 72 1 Two-eighths Ignores numerator and believes that the 
larger the denominator the larger the 
vulgar fraction 
U02 79 1 Other incorrect Does not understand the concept of vulgar 
fractions 
U03a 10 2 30 Can solve a two-step multiplicative 
problem 
U03a 70 1 10 Misreads problem 
U03a 79 1 Other incorrect Cannot solve a two-step multiplicative 
problem 
U03b 10 2 27 Can solve a two-step multiplicative 
problem 
U03b 70 1 Any other multiple of 3 Cannot solve a two-step multiplicative 
problem 
U03b 79 1 Other incorrect Cannot solve a two-step multiplicative 
problem 
U03c 10 3 Louisa Can solve simple time duration problem 
U03c 11 2 Response consistent with a, b answers Can solve simple time duration problem 
U03c 70 1 Response inconsistent with either part a, b, or both Cannot solve simple time duration problem 
U03c 79 1 Other incorrect Cannot solve simple time duration problem 
U04 10 3 Decreases by 4 Finds the rule for a number pattern 
U04 11 3 30 Indicates next number 
U04 19 3 Other correct Understands the rule for a number pattern 
U04 70 1 Increases by 4 Misreads the question 
U04 71 1 4 with no explanation Knows the 'rule' number 
U04 79 2 Other incorrect Does not understand the rule for a number 
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pattern 
U05 10 3 5X4 Understands multiplication concept 
U05 11 3 4X5 Understands multiplication concept 
U05 19 3 Other correct Understands multiplication concept 
U05 70 2 4X4=16 Miscounts, correct fact 
U05 71 2 4X4=20 Miscounts, incorrect fact 
U05 72 2 10X2=20 or 2X10=20 Uses total and a known fact 
U05 79 1 Other incorrect Does not understand multiplication concept 
V01 20 3 NO Both circles correctly partitioned Understands fraction concept and can 
explain 
V01 10 2 NO No partitioning shown Understands fraction concept but no 
explanation 
V01 11 2 NO Only one circle correct Understands fraction concept with partial 
explanation 
V01 12 2 NO other incorrect partitioning Understands fraction concept 
V01 13 2 YES Both circles correctly partitioned but no explanation Misunderstands fraction representation 
V01 19 2 Other partially correct Understands fraction concept 
V01 70 1 YES No partitioning  Misunderstands fraction concept 
V01 71 1 YES 1/3 smaller than 1/4 Misunderstands fraction concept 
V01 72 1 YES One or both partitionings in 3 or 4 parts Misunderstands fraction concept 
V01 79 1 Other incorrect Misunderstands fraction concept 
V02 10 3 57821 Understands place value to 10 000 
V02 70 2 66821 Adds 10 000 
V02 71 2 Any number except 66821 where at least one digit has increased by 1 Adds a multiple of ten 
V02 79 1 Other incorrect Place value problems 
V03 10 3 198 Bridges 200 in subtraction 
V03 70 2 98 or 298 Cannot bridge 200 correctly in subtraction 
V03 71 1 5 Uses given n umber 
V03 72 1 206 Adds only 
V03 79 1 Other incorrect Cannot bridge 100 in subtraction 
V04a 20 3 Mysong 64, 55 shown (or the difference 9) Understands addition of two-digit numbers 
V04a 10 2 Mysong Either 64 ot 55 not both Understands addition of two-digit numbers 
V04a 11 2 Mysong No explanation Understands addition of two-digit numbers 
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V04a 12 2 Mysong 64, 55 shown with unsatisfactory explanation Understands addition of two-digit numbers 
V04a 13 2 Mysong 64, 55 shown with no explanation Understands addition of two-digit numbers 
V04a 19 2 Other Mysong responses Understands addition of two-digit numbers 
V04a 70 1 Neither win Poor understanding of addition of two-digit 
numbers 
V04a 71 1 Naoki with or without explanation Poor understanding of addition of two-digit 
numbers 
V04a 79 1 Other incorrect (including 'both won') Poor understanding of addition of two-digit 
numbers 
V04b 10 3 One of: 42+31; 41+32; 31+42; 32+41 Understands addition of two-digit numbers 
V04b 70 2 Incorrect combinations of 1, 2, 3, 4 Poor understanding of addition of two-digit 
numbers 
V04b 71 2 Combinations of 1, 2, 3, 4 and some used twice Misunderstands the question 
V04b 72 1 Combinations using digits other than 1, 2, 3, 4 Misunderstands the question 
V04b 79 1 Other incorrect Poor understanding of addition of two-digit 
numbers 
V05 10 4 1000 Understands metric units 
V05 11 4 Thousand/or 'one thousand' Understands metric units 
V05 70 3 10 Incorrect relationship 
V05 71 2 60 Does not understand metric units 
V05 72 3 100 Incorrect relationship 
V05 73 3 10 000 Incorrect relationship 
V05 79 1 Other incorrect Does not understand metric units 
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I01 A 1 Smallest of any three numbers Does not understand an algebraic expression 
I01 B 3 Correct Understands an algebraic expression 
I01 C 1 Largest of any three numbers Does not understand an algebraic expression 
I01 D 2 Does not fully understand the problem Does not understand an algebraic expression 
I02 A 1 Uses given number, 2 Unable to solve a two-step problem 
I02 B 1 Guess Unable to solve a two-step problem 
I02 C 3 Correct Able to solve a two-step problem 
I02 D 2 Finds two-thirds of 60 Able to solve a two-step problem 
I02 E 2 Finds three-quarters of 60 Able to solve a two-step problem 
I03 A 1 Misunderstands metric units  (litres) Mis-understands metric units (litres) 
I03 B 1 Misunderstands metric units  (litres) Mis-understands metric units (litres) 
I03 C 2 Correct Understands metric units (litres) 
I03 D 1 Misunderstands metric units  (litres) Mis-understands metric units (litres) 
I04 10 4 Correct (52) Able to solve a two-step problem 
I04 70 3 27 and 38 Solves only part of a two-step problem 
I04 71 3 27 or 38 Solves only part of a two-step problem 
I04 72 1 17 Misreads question 
I04 73 1 31 Misread question 
I04 74 1 42 Unable to solve a two-step problem 
I04 75 2 There is no other number that occurs in both 
sequences' or any similar explanation 
Unable to solve a two-step problem 
I04 79 1 Other incorrect Unable to solve a two-step problem 
I05 A 3 Problems after a decomposition in decimal 
subtraction 
Unable to perform decimal subtraction to 
100ths 
I05 B 4 Correct Able to perform two-place decimal subtraction 
I05 C 2 Forgets to 'carry' after 'borrowing' in decimal 
subtraction 
Performs decomposition inconsistently 
I05 D 1 Smaller from larger as subtraction strategy Smaller from larger as subtraction strategy 
I06 10 2 A fraction with numerator greater than 2 and a 
denominator equal to 7 
Understands concept of vulgar fraction 
I06 11 2 A fraction with numerator equal to 2 and a 
denominator less than 7 
Understands concept of vulgar fraction 
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I06 12 2 Three-eighths Understands concept of vulgar fraction 
I06 13 2 One-half. (Other fractions with numeric value equal 
to one-half are coded 19) 
Understand sconcept of vulgar fraction 
I06 19 2 Other correct fractions Understands concept of vulgar fraction 
I06 70 1 One-seventh Misunderstands the question 
I06 71 1 Four-fourteenths Believes doubling digits changes the value of 
a vulgar fraction 
I06 72 1 Two-eighths Ignores numerator and believes that the larger 
the denominator the larger the vulgar fraction 
I06 79 1 Other incorrect Does not understand the concept of vulgar 
fractions 
I07 A 2 Correct Understands use of estimation of price ($) 
I07 B 1 Guess Does not understand the use of estimation of 
price ($) 
I07 C 1 Guess Does not understand the use of estimation of 
price ($) 
I07 D 1 Guess Does not understand the use of estimation of 
price ($) 
 
I08 A 1 (1, 1) Cannot find co-ordinates on a linear graph 
I08 B 2 (2, 4) Finds equation but neglects intercept 
I08 C 3 (5, 6) Correct Can find points on linear graph 
I08 D 2 (6, 3) Mis-calculates gradient and intercept 
I08 E 1 (6, 5) Reverses co-ordinate order 
I09 A 3 Correct One-half gives the greatest chance of 
selection 
I09 B 1 Blue Does not know the concept of probability 
I09 C 1 Green Does not know the concept of probability 
I09 D 2 Yellow Largest denominator 
J10 A 1 Adds given figures Does not understand problem 
J10 B 2 Subtracts side lengths to find area difference Solves only part of a two-step problem 
J10 C 3 Correct Completes a two-step problem 
J10 D 2 Calculates larger area only Solves only part of a two-step problem 
J11 A 1 Adjacent sides Does not know definition of parallelogram 
J11 B 1 Parallel trigger for answer Does not know definition of parallelogram 
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J11 C 1 Axis of symmetry Does not know definition of parallelogram 
J11 D 1 Adjacent angles Does not know definition of parallelogram 
J11 E 2 Correct Understands definition of parallelogram 
J12 10 4 Six-sevenths Understands division of vulgar fractions 
J12 19 4 Other fraction or decimal equalling six-sevenths Understands division of vulgar fractions 
J12 70 3 Any fraction with 2 as a numerator Has incomplete knowledge or skill for 
performing division of vulgar fractions 
J12 71 3 A response (other than 90/105) that indicates 
working out the common denominator, 105 
Has incomplete knowledge or skill for 
performing division of vulgar fractions 
J12 72 2 Seven-sixths or equivalent Does not fully understand method for dividing 
vulgar fractions 
J12 79 1 Other incorrect Has incomplete knowledge or skill for 
performing division of vulgar fractions 
J13 10 2 5 and a half faces Understands pictograph key 
J13 11 2 5 full faces and some expression indicating one half 
a face or a new symbol for a 5 is defined and used, 
e.g. expressions like '+5', fractions with faces as 
numerator or denominator or similar  
Understands pictographs 
J13 19 2 Other correct Understands pictographs 
J13 70 1 4 and a half faces Misunderstands pictograph key 
J13 71 1 5 faces Misunderstands pictograph key 
J13 72 1 6 faces Does not understand pictograph key 
J13 79 1 Other incorrect Does not understand pictograph key 
J14 A 2 Counts decimal places (like multiplication) Does not understand division of decimals 
J14 B 2 Ignores decimal point in divisor Does not understand division of decimals 
J14 C 1 Decimal place error Misunderstanding of decimal places 
J14 D 1 Decimal place error Misunderstanding of decimal places 
J14 E 3 Correct Understands decimal places 
J15 A 2 Correct Understands definition of similar triangles 
J15 B 1 Selects by 'sight' Does not know definition of similarity 
J15 C 1 Selects by similar orientation Does not know definition of similarity 
J15 D 1 Selects by similar 'pointy-ness' Does not know definition of similarity 
J15 E 1 Misreads as dissimilar in lay sense Does not know definition of similarity 
J16 A 3 (8, 12) Correct Can estimate co-ordinates 
J16 B 2 Mis-estimates y-axis Cannot use co-ordinate system 
Appendix XII  Analysis 2: PCM re-codings 
 697 
Item  
Distractor 
or 
Category 
PCM 
Re-coding Distractor Description Distractor Inference 
J16 C 2 Reverses x and y co-ordinates Cannot use co-ordinate system 
J16 D 1 Uses symmetry Does not understand co-ordinate system 
J17 A 1 4km Guess Cannot use map scale 
J17 B 1 16 km Guess Cannot use map scale 
J17 C 2 Correct Can use map scale 
J17 D 1 50 km Guess Cannot use map scale 
J18 A 1 Copies previous entry Cannot recognizes number relationship in a 
pattern 
J18 B 3 Correct Correctly recognizes number relationship in a 
pattern 
J18 C 2 Doubles x value Cannot correctly recognizes number 
relationship in a pattern 
J18 D 2 Two less than next value (like x value) Cannot correctly recognizes number 
relationship in a pattern 
J18 E 1 Subtracts 6 (y pattern in reverse order) Cannot correctly recognizes number 
relationship in a pattern 
K01 A 2 Checks by 'eye' Uses stem as visual clue for area model vulgar 
fraction 
K01 B 2 Checks by 'eye' Uses stem as visual clue for area model vulgar 
fraction 
K01 C 2 Checks by 'eye' Uses stem as visual clue for area model vulgar 
fraction 
K01 D 3 Correct Can estimate a vulgar fraction in an area 
model 
K01 E 1 Guess Cannot estimate a vulgar fraction 
K02 10 4 9.375 Can add two three-place decimal numbers 
K02 19 4 Other responses equivalent to 9.375 Can add two three-place decimal numbers 
K02 70 3 8.700 or 8.7 Cannot add two three-place decimal numbers 
K02 71 1 Contains miscalculated figures  
Example: 10.375, 9.395, 9.475 or similar 
Makes errors when adding two three-place 
decimal numbers 
K02 72 2 One of the following: 6, 60, 600, or 6000 Makes decimal point errors 
K02 79 1 Other incorrect Makes errors when adding two three-place 
decimal numbers 
K03 A 2 Correct Can visualize a 3-D object when rotated 
K03 B 1 Quarter turn with a left to right 'flip' Cannot visualize 3-D objects correctly when 
Appendix XII  Analysis 2: PCM re-codings 
 698 
Item  
Distractor 
or 
Category 
PCM 
Re-coding Distractor Description Distractor Inference 
rotated 
K03 C 1 Half turn with left to right 'flip' Cannot visualize 3-D objects correctly when 
rotated 
K03 D 1 Adds extra cubes to shape Cannot visualize 3-D object when rotated 
K04 A 1 Translates denominator across < sign Does not understand inequality rules 
K04 B 1 Subtracts 2 from other side of in-equation Does not understand inequality rules 
K04 C 2 Correct Understands inequality rules 
K04 D 1 Subtracts 2 and changes sign to > Does not understand inequality rules 
K04 E 1 Multiplies by 2 and changes sign to > Does not understand inequality rules 
K05 10 3 12 Knows area and perimeter rules for rectangles 
K05 70 1 22 Adds given numbers 
K05 71 2 24 Multiplies half the given number values 
K05 72 2 48 Multiplies half of one of the given number 
values by the other 
K05 73 2 60 Multiplies given length by both opposite sides 
K05 74 1 96 or indication of 6*16 Multiplies given numbers 
K05 79 1 Other incorrect Does not understand area and perimeter 
K06 A 2 50% more students Cannot calculate % of given number 
K06 B 2 30% more students Cannot calculate % of given number 
K06 C 2 25% more students Cannot calculate % of given number 
K06 D 3 Correct Can calculate 115% of given number 
K06 E 1 Rounds up to 1200 Does not understand % as a fraction 
K07 A 3 Divides by 7 only Cannot complete probability calculation 
K07 B 2 6 Numerator misunderstanding Misunderstand role of numerator in probability 
K07 C 4 Correct Able to complete two-step probability problem 
K07 D 1 10 Guess Unable to complete two-step probability 
problem 
K07 E 2 Calculates reverse of question Misunderstands problem 
K08 A 1 Fills gap with given angle Does not know properties of similar triangles 
K08 B 2 Correct Knows properties of similar triangles 
K08 C 1 Error in 52+73 or subtraction from 180 Knows properties of similar triangles 
K08 D 1 Repeats angle from question stem Does not know properties of similar triangles 
K08 E 1 Error in subtraction from 180 Knows properties of similar triangles 
K09 A 2 Adds denominators and numerators as whole 
numbers 
Treats vulgar fractions as whole numbers 
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K09 B 1 Incorrect denominator-numerator multiplication Does not understand the rôle of the common 
denominator 
K09 C 1 Incorrect denominator-numerator multiplication Does not understand the rôle of the common 
denominator role 
K09 D 3 Correct Able to solve vulgar fraction addition 
L08 A 2 Under estimates height Poor estimation of height 
L08 B 3 Correct Able to estimate height 
L08 C 2 Over estimates height Poor estimation of height 
L08 D 1 Very poor estimate of height Very poor estimation of height 
L09 A 3 Misreads 'hundred' Misreads question 
L09 B 4 Correct Understands numeration to tenths 
L09 C 2 Ignores 'tenths' Ignores decimal point 
L09 D 1 Expresses number literally Does not understand numeration 
L10 A 2 Reads only 'noon' part of table Reads only part of a table 
L10 B 3 Correct Able to read table of values 
L10 C 1 15 Guess Unable to read table of values 
L10 D 1 Misreads 'highest' as 'lowest' Reading problem 
L11 A 2 Adds drops only Misunderstands question 
L11 B 1 Misses last 'drop' Misreads question 
L11 C 3 Correct Able to solve two-step problem 
L11 D 2 Doubles first drop Misunderstands question 
L12 A 1 Confuses more steps as longer pace Scale ideas confused 
L12 B 1 Guess Poor ideas of scale 
L12 C 1 Guess Poor ideas of scale 
L12 D 2 Correct Understands scale ideas 
L13 A 1 Misunderstands repeating part of pattern Cannot discern a pattern 
L13 B 2 One pattern element dominates thinking Cannot discern two elements of a pattern 
L13 C 3 Correct Can discern a pattern 
L13 D 1 Guess Cannot discern a pattern 
L14 A 1 Uses x sequence only for P; Q unknown Uses only part of the given information 
L14 B 2 Uses x sequence only for P; uses doubling for Q Uses only part of the given information 
L14 C 2 Uses x sequence only for P; uses subtraction for Q Uses only part of the given information 
L14 D 3 Reverses values Able to establish relationship but confuses x, y 
sequences 
L14 E 3 Correct Able to establish relationship between x, y 
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sequences 
L15 A 3 Correct Calculates missing angle in quadrilateral 
L15 B 2 Uses given value Unable to calculate missing angle 
L15 C 1 130 degrees Guess Unable to calculate missing angle 
L15 D 2 Omits given value in calculation Does not use all given information 
L15 E 2 None of the above No understanding of the problem Unable to calculate missing angle 
L16 10 4 Correct Able to solve a linear equation for x 
L16 70 3 Correct procedure but incorrect sign of x or numbers Problems with signs in equation solution 
L16 71 3 Correct procedure but incorrect sign of x or numbers Problems with signs in equation solution 
L16 72 2 Does not eliminate x from both sides Incomplete understanding of equation solution 
method 
L16 79 1 Other incorrect Cannot solve linear equation 
L17 A 2 Incorrect conversion of two-thirds to twelfths Problem with equivalence 
L17 B 3 Correct Able to form common denominator 
L17 C 2 Uses 24 as common denominator and mis-adds Problem with choice of common denominator 
L17 D 2 Converts two-thirds to nine-twelfths Problem with equivalence 
L17 E 1 Does not convert quarters to twelfths Problem with equivalence 
M01 A 1 Reads divisions on scale as 1 gram Cannot read semi-marked scale 
M01 B 1 160g A number between 150 and 200 Cannot read scale 
M01 C 1 Reads divisions on scale as 5 gram Cannot read semi-marked scale 
M01 D 2 Correct Able to read semi-marked scale 
M02 A 3 Correct Knows symmetry elements of a rectangle 
M02 B 2 Selects vertical line of symmetry Knows some symmetry elements of a 
rectangle 
M02 C 2 Selects horizontal line of symmetry Knows some symmetry elements of a 
rectangle 
M02 D 1 Confuses diagonals and lines of symmetry Does not have a clear understanding of 
symmetry 
M03 A 3 Correct Able to use basic concept of probability 
M03 B 2 Selects 100 marbles Possible confusion with percentages 
M03 C 2 Selects 1000 marbles Most objects equated with greatest chance 
M03 D 1 Focuses on the one red marble Does not understand concept of probability 
M04 A 3 Correct Understands vulgar fraction notation 
M04 B 2 Selects large common fraction (three-quarters) Mis-led by familiarity of three-quarters 
M04 C 1 5/8 Numerator and denominator both large numbers Does not understand vulgar fractions 
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M04 D 1 Selects largest denominator Whole number view of the denominator 
M05 A 2 Horizontal flip Flip instead of rotate 
M05 B 2 Vertical flip Flip instead of rotate 
M05 C 1 Unchanged No understanding of rotations 
M05 D 3 Correct Understands rotations 
M05 E 1 Shifts shape up the page Neither flip nor rotation 
M06 10 3 Correct Able to calculate a ratio 
M06 70 2 7 Adds given numbers in ratio problem 
M06 71 2 12 Multiplies given numbers in ratio problem 
M06 72 2 13 Divides class number into half and subtracts 1 
(given number difference) 
M06 73 2 15 Divides class number into half and subtracts 1 
(given number difference) 
M06 74 2 21 Manipulates all given numbers 
M06 79 1 Other incorrect Cannot solve a ratio problem 
M07 A 2 Ignores x, multiplies given numbers Does not understand equations with an 
unknown 
M07 B 2 x is 10, so 4 *  is 40 Does not understand equations with an 
unknown 
M07 C 1 x is 10, so 5*  is 50 and is the wrong angle Misunderstands problem 
M07 D 3 Correct Able to solve unknown angle problem 
M07 E 1 Wrong angle doubled Misreads question 
M08 10 3 Correct Able to multiply decimals 
M08 70 2 1.1368 Unable to place the decimal point correctly 
M08 71 2 11.368 Unable to place the decimal point correctly 
M08 72 1 11368 Unable to place the decimal point correctly 
M08 73 2 Other misplaced decimal point Unable to place the decimal point correctly 
M08 74 2 One miscalculated digit Problems with multiplication 
M08 75 2 Decimal larger than 0 or less than 1 Problems with multiplication 
M08 79 1 Other incorrect Problems with multiplication 
N11 A 1 18 043 Misread given number as 18 100 Unable to round correctly 
N11 B 2 Correct Able to round correctly to the nearest 100 
N11 C 1 Rounds down to 200 Unable to round correctly 
N11 D 1 18 328 Misreads given number as 18 300 Unable to round correctly 
N12 A 2 Between O and P Adds given numbers and Unable to solve number-line problem 
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subtracts from R 
N12 B 3 Correct Able to solve number-line problem 
N12 C 2 Counts 5 left, 3 right Unable to solve number-line problem 
N12 D 1 Misunderstands question Does not understand problem 
N13 10 3 3 Correct Substitutes in an algebraic problem 
N13 11 3 Correct fractional answer (not lowest terms) Substitutes in an algebraic problem 
N13 70 2 Incomplete correct solution Partial substitution in an algebraic problem 
N13 71 2 Incorrect substitution Unable to substitute correctly in an algebraic 
equation 
N13 72 1 Response still contains x Incomplete solution 
N13 79 1 Other incorrect Unable to solve an algebraic equation 
N14 A 1 Equivalence by a numerator common factor of 2 Does not know equivalent fractions 
N14 B 1 3/5, 5/7, 9/15 All odd numbers Does not know equivalent fractions 
N14 C 2 Correct Knows equivalent fractions 
N14 D 1 Equivalence by a numerator common factor of 5 Does not know equivalent fractions 
N15 A 1 Guesses angle Unable to estimate an angle of 30 degrees 
N15 B 1 Guesses angle Unable to estimate an angle of 30 degrees 
N15 C 2 Correct Able to estimate an angle of 30 degrees 
N15 D 1 Guesses angle Unable to estimate an angle of 30 degrees 
N16 A 3 Correct Able to solve two-sep fraction problem 
N16 B 2 Adds marbles left to total (18+6) Misunderstands the problem 
N16 C 2 Misses point that the one-third is of remaining 
marbles but does not add the 6 
Misunderstands the problem 
N16 D 1 Misses point that the one-third is of remaining 
marbles and adds the remaining 
Misreads the problem 
N17 A 3 Correct Able to solve two-step decimal problem 
N17 B 2 17.65 litres Error in subtraction from 180 Unable to solve two-step problem 
N17 C 2 Calculates used fuel only Misunderstands problem 
N17 D 1 Subtracts smaller from larger (35.00 - 18.75 = 23.75) Smaller from larger subtraction 
N18 A 1 One chip drawn from 9 Misunderstands the problem 
N18 B 1 An even number, 2 Misunderstands the problem 
N18 C 3 Correct Understands probability 
N18 D 2 Half the numbers are even Misunderstands probability 
N19 10 4 Correct  Understands vulgar fractions as part of whole 
N19 70 3 Numerator (5) squares shaded Partial understanding of vulgar fractions 
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N19 71 3 Denominator (8) squares shaded Partial understanding of vulgar fractions 
N19 72 3 14 or 16 squares shaded Partial understanding of vulgar fractions 
N19 73 2 5 shaded squares and 3 more indicated to total 8 Poor understanding of vulgar fractions 
N19 79 1 Other incorrect Does not understand vulgar fractions 
O01 A 2 Reads 20m instead of 30m Misreads graph axis 
O01 B 3 Correct Able to read x-axis value from given y-axis 
value 
O01 C 2 Reads 50m instead of 30m Misreads graph axis 
O01 D 1 160 kph Guess Graph reading problem 
O02 A 2 15% difference in price in cents Unable to calculate percentage increase in 
price 
O02 B 1 20% Guess Unable to calculate percentage increase in 
price 
O02 C 3 Correct Able to calculate percentage increase in price 
O02 D 1 30% Guess Unable to calculate percentage increase in 
price 
O03 A 1 Confuses alternative and supplementary angles Confuses alternative and supplementary 
angles 
O03 B 2 Correct Understands corresponding and 
supplementary angles 
O03 C 1 Does not understand corresponding angles Does not understand corresponding angles 
O03 D 1 Does not understand alternative and corresponding 
angles 
Does not understand alternative and 
corresponding angles 
O03 E 1 Does not understand alternative and corresponding 
angles 
Does not understand alternative and 
corresponding angles 
O04 A 1 Hundred instead of hundredths Mis-read problem 
O04 B 2 Rounds to nearest whole number Misunderstands problem 
O04 C 3 Rounds 6 hundredths to 1 tenth Unable to round to hundredths 
O04 D 4 Correct Able to round to hundredths 
O04 E 3 Rounds thousandths instead of hundredths Unable to round to hundredths 
O05 A 1 One Difference of given numbers Does not understand probability 
O05 B 1 Given number used for probability Does not understand probability 
O05 C 1 Two colours so half and half Does not understand probability 
O05 D 2 Correct Understand probability 
O05 E 1 Adds given numbers Does not understand probability 
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O06 10 2 8:05 Correct Able to solve addition of time problems 
O06 11 2 Other equivalent to 8:05 Able to solve addition of time problems 
O06 70 1 7:50:Adds half an hour Cannot add time 
O06 71 1 8:00 Adds 40 minutes Cannot add time 
O06 72 1 8:10 Adds incorrectly Cannot add time 
O06 73 1 8:15 Adds incorrectly Cannot add time 
O06 74 1 8:35 Adds incorrectly Cannot add time 
O06 79 1 Other incorrect Cannot add time 
O07 A 2 x = 2  Divides by 5, 3x = 6 Unable to solve equation with x on LHS 
O07 B 3 Correct Able to solve equation with x on LHS only 
O07 C 2 Ignores +5 Unable to solve equation with x on LHS 
O07 D 1 Multiplies by 3, adds 5 to right-hand-side Unable to solve equation with x on LHS 
O08 A 1 Misunderstands 'rotate' or 'centre' Does not understand rotations 
O08 B 2 Correct Understands rotations 
O08 C 1 T goes to R so R is centre Does not understand rotations 
O08 D 1 The centre of the drawing Does not understand rotations 
O08 E 1 T  T spins to R Does not understand rotations 
O09 10 3 Correct Able to divide vulgar fractions 
O09 70 2 Multiplies denominator by given 5km. Multiplication is default operation 
O09 71 1 Multiplies 5 by one-quarter (5/4) Multiplication is default operation 
O09 72 1 2 Does not understand division by vulgar 
fractions 
O09 73 1 3 Does not understand division by vulgar 
fractions 
O09 74 1 4 Given denominator  Does not understand division by vulgar 
fractions 
O09 75 1 5 Given number Does not understand division by vulgar 
fractions 
O09 79 1 Other incorrect Does not understand division by vulgar 
fractions 
P08 A 1 1/1 Confuses side and perimeter Unable to identify ratios 
P08 B 1 1/2 Confuses side and half-perimeter Unable to identify ratios 
P08 C 2 One out of three (remaining) Unable to identify ratios 
P08 D 3 Correct Able to identify ratios 
P09 A 1 3*8/12 Uses all given numbers Unable to identify and calculate ratios 
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P09 B 1 4 Divides some of the given numbersr Unable to identify and calculate ratios 
P09 C 3 Correct Able to identify and calculate ratios 
P09 D 2 5.5 Poor multiplication Unable to calculate ratios 
P09 E 1 32 3*8 given numbers Unable to identify and calculate ratios 
P10 A 2 m+4 Confuses operations Does not understand index notation 
P10 B 3 Correct Understands index notation 
P10 C 2 m4 Confuses + and * Does not understand index notation 
P10 D 1 4(m+1) Does not understand index notation 
P11 A 2 12-3=9 Rough estimate Poor estimation of length 
P11 B 3 Correct Able to estimate length 
P11 C 1 Misreads scale Poor estimation of length 
P11 D 1 Misreads scale Poor estimation of length 
P12 A 2  Reasonable estimation Reasonable estimation 
P12 B 1 Over-estimation Over-estimation 
P12 C 3 Correct Good estimation 
P12 D 1 Under-estimation Under-estimation 
P13 A 1 6000 minutes in an hour Unable to multiply where there are 0's 
P13 B 1 600 minutes in an hour Unable to multiply where there are 0's 
P13 C 2 Correct Able to multiply where there are 0's 
P13 D 1 6 minutes in an hour Unable to multiply where thee are 0's 
P14 A 1 Adds correctly but misses 'left' Misreads problem 
P14 B 2 Mis-adds or incomplete Unable to add vulgar fractions 
P14 C 2 Mis-adds or incomplete Unable to add vulgar fractions 
P14 D 3 Correct Able to add vulgar fractions 
P15 A 2 Confuses + and * Does not understand index 
notation 
Does not understand index notation 
P15 B 3 Correct Understands index notation 
P15 C 1 3y Does not understand index notation Does not understand index notation 
P15 D 1 y2 + y Does not understand index notation Does not understand index notation 
P16 10 3 Correct Able to express a decimal as a vulgar fraction 
P16 70 2 28/100 or 14/50 Unable to express vulgar fraction in lowest 
terms 
P16 71 1 Any fraction other than 28/100 with 28 as numerator Uses given digits 
P16 72 1 Any fraction with 28 as denominator Uses given digits 
P16 73 1 2/8 or 1/4 Uses given digits 
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P16 74 1 Any mixing of decimal and vulgar fractions Unable to convert decimal fractions to vulgar 
fractions 
P16 79 1 Other incorrect Unable to convert decimal fractions to vulgar 
fractions 
P17 A 2 Uses given number (8) Given number over-rides other information 
P17 B 1 Confuses 8pm and 9am Misreads the table 
P17 C 3 Correct Able to read a table and a thermometer 
P17 D 1 Mis-reads 3pm for 8pm Misreads problem 
Q01 A 1 5 - 3n Represents problem order Does not understand problem 
Q01 B 1 3n Misreads problem Misreads problem 
Q01 C 1 n - 5 Reads first part of problem only Reads only part of problem 
Q01 D 1 3n - 5 Misreads problem Misreads problem 
Q01 E 2 3(n - 5) Correct Able to represent problem in algebraic form 
Q02 A 2 Omits the unknown (x) Does not understand algebraic equations 
Q02 B 2 2 Subtracts x/9 to leave the 2 Does not understand algebraic equations 
Q02 C 1 Omits the denominator (9) Does not understand vulgar fractions 
Q02 D 3 Correct Able to solve algebraic fraction problem 
Q02 E 1 Multiplies by denominator (common factor?) Does not understand vulgar fractions 
Q03 A 1 Thousands are the largest number Unable to understand problem 
Q03 B 2 Correct Understands problem 
Q03 C 1 Hours are a long time Unable to understand problem 
Q03 D 1 A day is a long time Unable to understand problem 
Q04 A 1 Amy Does not understand the problem 
Q04 B 2 Correct Able to solve logic problem 
Q04 C 1 Dawn Unable to solve logic problem 
Q04 D 1 Debbie Unable to solve logic problem 
Q05 A 3 Correct Understands inequalities 
Q05 B 1 Uses given numbers (5, 5) Misreads problem 
Q05 C 2 More boys than girls Guess Unable to solve ratio inequality 
Q05 D 2 Cannot solve problem Cannot solve problem 
Q06 A 1 Under-estimate by a factor of ten Poor place value in multiplicative estimation 
Q06 B 1 Uses 10 months per year for estimate Poor choice of multiplier for estimate 
Q06 C 3 Correct Able to solve multiplicative estimation problem 
Q06 D 2 2 400 000 Multiplies 6000 by 4 weeks (24 000) then 
by 100 for the year 
Unable to solve multiplicative estimation 
problem 
Appendix XII  Analysis 2: PCM re-codings 
 707 
Item  
Distractor 
or 
Category 
PCM 
Re-coding Distractor Description Distractor Inference 
Q06 E 1 Very poor place value skills Poor place value in multiplicative estimation 
Q07 A 2 Transposes formula incorrectly Unable to transpose a formula correctly 
Q07 B 2 4 Uses given number (3) Unable to substitute in a formula 
Q07 C 3 Correct Able to substitute in a formula 
Q07 D 1 Provides a given number Unable to solve formula problem 
Q07 E 1 Multiplies given numbers Unable to solve formula problem 
Q08 A 1 Longer is smaller Unable to order vulgar and decimal fractions 
correctly 
Q08 B 2 Correct Able to order vulgar and decimal fractions 
correctly 
Q08 C 1 Whole number order Unable to order vulgar and decimal fractions 
correctly 
Q08 D 1 1/5, 0.8, 0.345, 0.19 Guess Unable to order vulgar and decimal fractions 
correctly 
Q09 A 1 1/8 Multiplies all given fractions Unable to add and multiply vulgar fractions 
Q09 B 1 Adds numerators and denominators Unable to add and multiply vulgar fractions 
Q09 C 1 Multiplies all denominators Unable to add and multiply vulgar fractions 
Q09 D 1 5/6 Guess Unable to add and multiply vulgar fractions 
Q09 E 2 Correct Able to add and multiply vulgar fractions 
Q10 10 2 30 (100 - 70) Able to solve a logical problem 
Q10 70 1 20 Unable to solve a logical problem 
Q10 71 1 35 Unable to solve a logical problem 
Q10 72 1 40 Unable to solve a logical problem 
Q10 73 1 45 Unable to solve a logical problem 
Q10 74 1 50 Unable to solve a logical problem 
Q10 75 1 60 or 70 Unable to solve a logical problem 
Q10 79 1 Other incorrect Unable to solve a logical problem 
R06 A 3 Correct Able to solve decimal fraction subtraction to 
thousandths 
R06 B 2 No carry from thousandths Unable to carry from thousandths in 
subtraction 
R06 C 1 Smaller from larger as subtraction strategy Smaller from larger as subtraction strategy 
R06 D 2 No carry from hundredths or thousandths Unable to carry from hundredths or 
thousandths in subtraction 
R07 A 1 Divides 0.200 by 25 Does not understand the problem 
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R07 B 2 Correct Able to divide decimal fractions 
R07 C 1 0.05 Does not understand the problem 
R07 D 1 Divided 0.200 by 2.5 Does not understand the problem 
R08 A 3 60m Reads end of drawn line on graph Unable to extrapolate non-linear line graph 
R08 B 4 Correct Able to extrapolate non-linear line graph 
R08 C 1 Reads axes in reverse order Unable to read axes on a graph 
R08 D 2 100m Misreads x-axis Misreads axis scale 
R09 A 1 (a+b)+c=a+(b+c) Does not read FALSE in problem statement 
R09 B 1 ab=ba Does not read FALSE in problem statement 
R09 C 1 a+b=a+b Does not read FALSE in problem statement 
R09 D 1 (ab)c=a(bc) Does not read FALSE in problem statement 
R09 E 2 (a+b)+c=a+(b+c) Correct Reads FALSE in problem statement 
R10 A 2 Three Problem with visualization Visualization problems 
R10 B 2 Four Problem with visualization Visualization problems 
R10 C 3 Five Correct Able to visualize 2-D figures and partition 
shapes 
R10 D 1 Six Counts all triangles including one given Does not understand the problem 
R11 A 3 4 Correct Understands word form of algebraic statement 
R11 B 1 6 Problem putting problem statement in 
algebraic form 
R11 C 2 6 Adds student numbers given but omits to share 
between the remaining 2 
Problem putting problem statement in 
algebraic form 
R11 D 2 9 Adds number of students, subtracts from class size 
and divides by 2 
Problem putting problem statement in 
algebraic form 
R12 A 1 4369 Smaller from larger Smaller from larger misconception 
R12 B 2 3742 Incorrect decomposition and error in basic 
subtraction fact 
Misunderstands decomposition algorithm 
R12 C 4 3631 Correct Can subtract two four-digit numbers involving 
zeroes 
R12 D 3 3531 Problems in decomposition of 100s Basic fact error 
R13 10 2 80 Correct Able to complete two-step vulgar fraction 
problem 
R13 70 1 2/9 Expresses answer as vulgar fraction when $ 
answer required 
Unable to complete two-step problem 
R13 71 1 40 Finds only 1/9 of $360 Unable to complete two-step problem 
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R13 72 1 120 Finds one-third of $360 Incorrectly calculates remaining money as 3/9 
(1/3) 
R13 73 1 180 Reads 7/9 as 1/2 Does not understand the problem 
R13 74 1 300 Unable to solve the problem 
R13 79 1 Other incorrect Unable to solve the problem 
R14 10 3 450 Correct Able to solve a multi-step problem involving 
vulgar fractions 
R14 70 2 5 Finds the cost of one item only Unable to complete a multi-step problem 
R14 71 1 400 Reads 'same' to mean payment totals Does not understand the problem 
R14 72 2 420 Mis-calculates cost of one item Unable to complete a multi-step problem 
R14 73 2 500 Misreads number in problem Unable to complete a multi-step problem 
R14 74 2 600 Unable to complete a multi-step problem 
R14 79 2 Other incorrect Unable to complete a multi-step problem 
S01a 10 2 4 and 9 Correct Able to complete a simple table of values 
S01a 70 1 5 and 10 Miscounts first triangle Unable to complete a simple table of values 
S01a 71 1 5 and any other integer other than 10 Unable to complete a simple table of values 
S01a 79 1 Other incorrect Unable to complete a simple table of values 
S01b 10 2 64 Correct Able to extend a visual-numerical sequence 
S01b 70 1 16 The next element of the sequence Misreads the problem 
S01b 71 1 35 Unable to extend a visual-numerical sequence 
S01b 79 1 Other incorrect Unable to extend a visual-numerical sequence 
S02a 10 2 81 Correct Able to divide 405 by 5 
S02a 70 1 1 One square Does not understand the question 
S02a 79 1 Other incorrect Does not understand the question 
S02b 10 2 9 Correct Understands area 
S02b 70 1 1 Side length is the unit of measure 
S02b 71 1 20.25 One-fourth of the area  Confuses area and perimeter 
S02b 72 1 Other indication of division by 4 Confuses area and perimeter 
S02b 73 1 40.5 or any indication of division by 2 Confuses area and perimeter 
S02b 79 1 Other incorrect Unable to complete two-step problem 
S02c 10 3 108 Correct Able to calculate perimeter correctly 
S02c 11 1 Other response consistent with answer in S02b 
multiplied by 12 
Able to calculate perimeter correctly 
S02c 19 2 Other correct response consistent with S02b Able to calculate perimeter correctly 
S02c 70 2 81 (4x20.25) or any other indication of multiplication Confuses area and perimeter 
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by 4 
S02c 71 2 405 Uses the given area Confuses area and perimeter 
S02c 79 1 Other incorrect Unable to calculate perimeter 
T01a 20 4 33 and 21 Able to solve a multi-step problem 
T01a 10 4 Follows a correct procedure but makes an arithmetic 
error 
Able to solve a multi-step problem 
T01a 11 3 One correct solution Able to solve part of a multi-step problem 
T01a 70 1 15 and 39 Adds to 54 Misunderstands the problem 
T01a 71 3 One of the answers is 42 (54 - 12) Able to solve part of a multi-step problem 
T01a 72 4 15 and 27 (54 - 12 = 42 = 15 + 27) Correct procedure on wrong numbers 
T01a 79 2 Other incorrect Unable to solve a multi-step problem 
T01b 10 2 An equation with an unknown variable stated 
explicitly 
Algebraic solution strategy 
T01b 11 2 Divide 54 by 2; add 6 to 27, 33; subtract 6 from 27, 
21 
Arithmetic strategy 
T01b 12 2 Subtract 12 from 54, 42; divide by 2, 21; add 12 to 
21, 33 
Arithmetic strategy 
T01b 19 2 Other fully satisfactory strategy, including listing, 
guess and check 
Appropriate strategy 
T01b 70 1 No method shown Unable to solve a multi-step problem 
T01b 71 1 Inadequate method, but starts appropriately Inadequate strategy 
T01b 79 1 Other incorrect Inadequate strategy 
T02a 10 2 180 3x60 pieces Able to solve a multi-step problem 
T02a 70 1 30 Interprets two pieces to one as a half ratio Misunderstands the problem 
T02a 71 1 90 Interprets two pieces to one as a half ratio Misunderstands the problem 
T02a 72 1 120 Interprets problem as doubling Misunderstands the problem 
T02a 73 1 240 Triple 60 plus 60 Misunderstands the problem 
T02a 79 1 Other incorrect Does not understand the problem 
T02b 10 4 One-third Able to solve a multi-step problem 
T02b 19 4 Any fraction equivalent to 1/3 Able to solve a multi-step problem 
T02b 70 1 1/4 or both 1/4 and 1/2 Misunderstands the ratio aspect of the 
problem 
T02b 71 3 3/8 or equivalent Adds given ratios Unable to complete the problem 
T02b 72 3 1/2 or equivalent Does not complete the problem Unable to complete the problem 
T02b 73 3 3/4 or equivalent Adds given ratios Unable to complete the problem 
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T02b 74 1 Any integer Does not understand the problem 
T02b 79 2 Other incorrect Unable to solve a multi-step problem 
U01a 10 3 15 minutes Able to estimate by rounding 
U01a 11 3 16 minutes Able to estimate by rounding 
U01a 70 2 13 minutes Estimates by truncating 
U01a 71 2 14 minutes Unable to estimate 
U01a 72 1 15 minutes 14 seconds Calculates instead of estimating 
U01a 79 1 17 minutes Estimates by always rounding up 
U01a 79 1 Other incorrect Unable to estimate 
U01b 10 3 Each time correctly rounded to whole minutes Able to round correctly to the nearest 100 
U01b 11 3 Each time correctly rounded to nearest 5, 10, 15 or 
30 seconds 
Able to round correctly to the nearest 101 
U01b 12 3 Statements instead of calculations shown  
Eg, "rounded numbers up" 
Able to round correctly to the nearest 102 
U01b 13 3 Adds then rounds off Able to round correctly to the nearest 103 
U01b 19 3 Other correct Able to round correctly to the nearest 104 
U01b 70 2 One or more roundings are incorrect Unable to round correctly consistently 
U01b 71 1 Rounds off from 14 minutes 34 seconds Unable to round off correctly 
U01b 79 1 Other incorrect Unable to round off correctly 
U02a 20 3 9cm and 2cm Correct drawing shown Able to calculate simple ratios 
U02a 10 3 9cm and 2cm Drawing incorrect or missing Able to calculate simple ratios 
U02a 11 3 Length or width not correct Drawing correct Able to calculate simple ratios 
U02a 70 2 15cm and 2cm Explicitly stated or from the drawing Unable to calculate simple ratios consistently 
U02a 71 2 7.5cm and 2cm Explicitly stated or from the drawing Unable to calculate simple ratios consistently 
U02a 72 2 3cm and 2cm Explicitly stated or from the drawing Unable to calculate simple ratios consistently 
U02a 73 2 2cm wide and length given as any other number not 
given above Explicitly stated or from the drawing 
Unable to calculate simple ratios consistently 
U02a 74 2 9cm long and width given as any other number not 
given above Explicitly stated or from the drawing 
Unable to calculate simple ratios consistently 
U02a 79 1 Other incorrect Unable to calculate simple ratios 
U02b 20 3 3:4, 3/4 or equivalent The areas are 18 and 24 
square cm. Or the ratio is is consistent with given 
rectangle the student's draw in response to part a 
Able to calculate simple ratios of areas 
U02b 21 3 The ratio is not 3:4 but answer is consistent with 
response to part a 
Able to calculate simple ratios of areas 
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U02b 10 2 4:3 or equivalent The areas are 18 and 24 square 
cm 
Able to calculate simple ratios of areas 
U02b 11 2 An incorrect ratio or no ratio given The areas are 18 
and 24 square cm 
Able to calculate areas 
U02b 12 2 The difference (6) is given instead of a ratio The 
areas are 18 and 24 square cm 
Able to calculate areas 
U02b 13 2 The areas are not 18 and 24 square cm but are 
consistent with the answer to part a No ratio or an 
incorrect ratio is given 
Able to calculate areas 
U02b 14 2 The areas are not 18 and 24 square cm but are 
consistent with the answer to part a   
A difference consistent with those areas is given 
Uses difference in place of a ratio, but is able 
to calculate areas 
U02b 70 2 Focuses exclusively on the ratios of the lengths and 
widths between the given and new rectangles  
No areas shown 
Does not understand area 
U02b 79 1 Other incorrect Does not understand ratio or area 
V01 10 4 Number within the interval 165≤X≤170 Understands rounding 
V01 11 4 170 Understands rounding 
V01 12 4 Number within the interval 170≤X≤175 Understands rounding 
V01 13 4 Two or more numbers within the interval 165≤X≤170 Understands rounding 
V01 70 3 Number within the interval 175≤X≤180 Does not understand rounding 
V01 71 2 150 or 200 Does not understand rounding 
V01 72 2 160 or 180 Adds or subtracts 'rounding to nearest' figure 
V01 73 1 Result of converting 170kg to other units Does not understand rounding 
V01 79 1 Other incorrect Does not understand rounding 
V02 30 3 Building A: Correct calculation of rent for both 
buildings 9600 yearly/800 monthly and 
9900yearly/825 monthly; or 825 to compare with 800 
given 
Complete solution to a multi-step problem 
V02 39 3 Other correct Complete solution to a multi-step problem 
V02 20 3 Building A: Correct calculation of rent for building A 
or B but not both 
Able to give a partly correct solution to a multi-
step problem 
V02 21 3 Building B or building is not named Correct 
calculation of rents for both buildings 
Able to calculate the solution to a multi-step 
problem but not explain it 
V02 10 2 Building A: Calculations or explanations are incorrect Unable to solve a multi-step problem 
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Item  
Distractor 
or 
Category 
PCM 
Re-coding Distractor Description Distractor Inference 
or inadequate 
V02 11 2 Building A: No work shown Unable to solve a multi-step problem 
V02 12 2 Building B or building is not named Correct 
calculations of rent for either building but not both 
Unable to solve and explain a multi-step 
problem 
V02 13 1 Building A: explanation is given only in the form of 
extracts from the advertisements 
Unable to solve and explain a multi-step 
problem 
V02 19 1 Other minimal response Unable to solve and explain a multi-step 
problem 
V02 70 1 Building B: Incorrect or inadequate calculations Unable to solve a multi-step problem 
V02 71 1 Building B: No work shown Unable to solve a multi-step problem 
V02 79 1 Other incorrect Unable to solve a multi-step problem 
V03 A 2 5/2 Misreads 'total' as the amount of either blue or 
yellow 
Unable to construct a correct ratio 
V03 B 1 9/4 Reverses the ratio elements Misunderstands the problem 
V03 C 2 5/4 A part-to-part ratio Unable to construct a correct ratio 
V03 D 3 5/9 Correct ratio constructed Able to construct a ratio 
V04 10 3 24 Correctly calculates the area of a trapezium Able to calculate areas of trapezia 
V04 70 2 10 The given length Confuses length and area 
V04 71 1 18 No understanding of area calculation 
V04 72 2 26 Uses the perimeter of the rectangle Confuses area and perimeter 
V04 73 3 30 Length by width of rectangle not trapezium Able to calculate area by LxW 
V04 74 1 60 Calculates with some iof the given numbers No understanding of area calculation 
V04 79 1 Other incorrect No understanding of area calculation 
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Item 
Number 
Item 
Name 
Threshold 
1 
Threshold 
2 
Threshold 
3 
Threshold 
4 
1 PI01 413 434 485  
2 PI02 392 485 549  
3 PI03 444 507   
4 PI04 281 326   
5 PI05 434 455 485  
6 PI06 286 326 381  
7 PI07 370 434 496  
8 PI08 413 475 538  
9 PJ01 190 244   
10 PJ02 349 381   
11 PJ03 370 423   
12 PJ04 612 644   
13 PJ05 612 665   
14 PJ06 665    
15 PJ07 360 528   
16 PJ08 434 464 496  
17 PJ09 339    
18 PK01 360 464   
19 PK02 349 444   
20 PK03 464 559   
21 PK04 455 507   
22 PK05 349 423   
23 PK06 402 464   
24 PK08 318    
25 PK09 307 612   
26 PL01 402 455 517  
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Item 
Number 
Item 
Name 
Threshold 
1 
Threshold 
2 
Threshold 
3 
Threshold 
4 
27 PL03 349 381   
28 PL05 485 517   
29 PL06 475    
30 PL07 455 517   
31 PL09 402 413   
32 PM01 339 360   
33 PM02 475 517   
34 PM03 318 370 434  
35 PM04 434 455   
36 PM05 538 559   
37 PM06 370 402 464  
38 PM07 464 496 559  
39 PM08 255 286   
40 PM09 360 413   
41 PS01 423 434 474 532 
42 PS02 475 496 507  
43 PS03 528 538 559  
44 PS04 464    
45 PS05 392 434 449 502 
46 PT01A 286 297   
47 PT01B 528    
48 PT02 455    
49 PT03 423 464   
50 PT04A 570    
51 PT04B 644    
52 PT05 370    
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Item 
Number 
Item 
Name 
Threshold 
1 
Threshold 
2 
Threshold 
3 
Threshold 
4 
53 PU01 455    
54 PU03A 392    
55 PU03B 464    
56 PU03C 266 307   
57 PU04 413 423   
58 PU05 392 434   
59 PV01 307 580   
60 PV02 402 444   
61 PV03 402 413   
62 PV04A 349 644   
63 PV04B 402 434   
64 PV05 444 485 496  
65 SI2 392 455   
66 SI3 528    
67 SI4 444 464 507  
68 SI5 402 434 444  
69 SI7 381    
70 SI8 423 507   
71 SI9 339 413   
72 SJ10 475 559   
73 SJ11 528    
74 SJ12 485 507 549  
75 SJ13 255    
76 SJ14 423 623   
77 SJ15 413    
78 SJ16 266 517   
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Item 
Number 
Item 
Name 
Threshold 
1 
Threshold 
2 
Threshold 
3 
Threshold 
4 
79 SJ17 423    
80 SJ18 370 507   
81 SK1 349 434   
82 SK2 402 444 455  
83 SK3 392    
84 SK4 549    
85 SK5 485 528   
86 SK6 423 517   
87 SK7 402 434 485  
88 SK8 538    
89 SK9 507 549   
90 SL8 297 496   
91 SL9 318 360 370  
92 SL10 212 266   
93 SL11 370 591   
94 SL14 559 612   
95 SL15 528 549   
96 SL16 339 464 570  
97 SL17 360 612  496 
98 SM1 244    
99 SM2 413 434   
100 SM4 413 538   
101 SM5 455 528   
102 SM6 423 507   
103 SM7 349 413   
104 SM8 528 580   
APPENDIX XIII  Analysis 2: PCM threshold values 
 719 
Item 
Number 
Item 
Name 
Threshold 
1 
Threshold 
2 
Threshold 
3 
Threshold 
4 
105 SN11 392    
106 SN12 370 434   
107 SN13 423 444   
108 SN14 434    
109 SN15 475    
110 SN16 444 528   
111 SN17 517 570   
112 SN18 402 444   
113 SN19 402 434 485  
114 SO1 318 444   
115 SO2 580 675   
116 SO3 517    
117 SO4 381 423 517  
118 SO5 496    
119 SO6 349    
120 SO7 255 464   
121 SO8 413    
122 SO9 455 464   
123 SP8 434 538   
124 SP9 464 559   
125 SP10 281 517   
126 SP11 423 507   
127 SP12 392 413   
128 SP13 444    
129 SP14 286 339   
130 SP15 370 434   
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Item 
Number 
Item 
Name 
Threshold 
1 
Threshold 
2 
Threshold 
3 
Threshold 
4 
131 SP16 485 517   
132 SP17 413 444   
133 SQ1 517    
134 SQ2 413 517   
135 SQ3 580    
136 SQ4 286    
137 SQ5 328 423   
138 SQ6 455 507   
139 SQ7 392 444   
140 SQ8 517    
141 SQ9 549    
142 SQ10 507    
143 SR6 370 434   
144 SR7 528    
145 SR8 392 423 475  
146 SR9 580    
147 SR10 339 496   
148 SR11 328 549   
149 SR13 485    
150 SR14 318 602   
151 SS1A 339    
152 SS1B 444    
153 SS2A 413    
154 SS2B 528    
155 SS2C 381 423   
156 ST1A 434 455   
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Item 
Number 
Item 
Name 
Threshold 
1 
Threshold 
2 
Threshold 
3 
Threshold 
4 
157 ST1B 517    
158 ST2A 591    
159 ST2B 455 485 665  
160 SU1A 602 654   
161 SU1B 485 517   
162 SU2A 413 538   
163 SU2B 580 612   
164 SV1 349 392 402 528 
165 SV2 538 654   
166 SV3 318 580   
167 SV4 485 496   
168 LI09/R12 434 455 475  
169 LK07/E6 591 686   
170 LL02/M3 370 434   
171 LL04/L13 297 307   
172 LL08/L12 286    
173 LU02/I6 413    
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Population 1 
Item  
Distractor 
or 
Category 
OPM 
Re-coding Category Description Category Inference 
I01 A 0 Misreads given numbers Misreads the problem 
I01 B 1 Correct Understands direction and distance 
I01 C 0 Does not count starting position for E direction Miscounts steps on grid 
I01 D 0 Reverses directions 3N-2E instead of 3E-2N Problem with compass points 
I01 E 0 Does not count starting position for N direction Post-and-rails problem 
I02 A 0 Ignores decimal point Problems with place value notation for 
tenths 
I02 B 1 Correct Understands place value to tenths 
I02 C 0 Confuses tenths with hundredths Decimal place-value problem 
I02 D 0 Interprets decimal representation as vulgar fraction Misunderstands decimal notation 
I03 A 0 Finds difference smaller than 300 Misreads 'greater' as smaller 
I03 B 0 Finds difference smaller than 300 Misreads 'greater' as smaller 
I03 C 0 Finds difference smaller than 300 Smaller-from-larger 
I03 D 1 Correct Can subtract 
I04 A 0 Adds 300 to make 3-digit number No idea of multiplication 
I04 B 0 Adds 3 units to make 3-digit number No idea of multiplication 
I04 C 1 Correct Can perform simple one-digit by two-digit multiplication 
I04 D 0 Adds 3 Confuses addition with multiplication 
I05 A 1 Correct Solves two-step problems, involving 
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Item  
Distractor 
or 
Category 
OPM 
Re-coding Category Description Category Inference 
multiplication and division 
I05 B 0 Two litres Guess Cannot solve two-step problem involving division and multiplication 
I05 C 0 Multiplies two given numbers Does not understand a two-step problem 
I05 D 0 Divides the whole numbers 15 and 5 only One-step answer to two-step problem 
I06 A 0 Mixed sides Misunderstands 'straight' definition 
I06 B 0 Misreads 'straight' sides Does not understand the question 
I06 C 0 Ignores curved corners  Misunderstands 'straight' definition 
I06 D 1 Correct Understands meaning of straight sides 
I06 E 0 Guess Does not understand the question 
I07 A 0 Adds Uses given numbers in a word problem 
I07 B 0 Misreads 'long' as 'left' Reading problem 
I07 C 0 Divides Uses given numbers in a subtraction word problem 
I07 D 1 Correct Discerns subtraction in a word problem 
I08 A 1 Correct Understands equivalent fractions 
I08 B 0 Guess Does not understand equivalent fractions 
I08 C 0 One white section in each Does not understand equivalent fractions 
I08 D 0 Matches by number of shaded parts Part-to-part meaning for fraction 
I09 A 0 4369 Smaller from larger Smaller from larger misconception 
I09 B 0 3742 Incorrect decomposition and error in basic subtraction fact Misunderstands decomposition algorithm 
I09 C 1 3631 Correct Can subtract two four-digit numbers involving zeroes 
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Item  
Distractor 
or 
Category 
OPM 
Re-coding Category Description Category Inference 
I09 D 0 3531 Problems in decomposition of 100s Basic fact error 
J01 A 1 Correct Knows basic geometric shapes (triangle) 
J01 B 0 Selects square Does not know basic geometric shapes 
J01 C 0 Selects pentagon Does not know basic geometric shapes 
J01 D 0 Selects rectangle Does not know basic geometric shapes 
J02 A 0 Does not recognize vertical line of symmetry Does not recognize vertical line of symmetry 
J02 B 0 Does not recognize horizontal line of symmetry Does not recognize horizontal line of symmetry 
J02 C 1 Correct Understands lines of symmetry 
J02 D 0 Does not recognize oblique line of symmetry Does not recognize oblique line of symmetry 
J03 A 0 Reads 'homework' percentage only One cue too strong 
J03 B 0 Reads 'playing' percentage only One cue too strong 
J03 C 0 Mis-adds 15% and 10% Poor addition skills 
J03 D 1 Correct Can read a pie-graph 
J03 E 0 Mis-adds 15% and 10% Poor addition skills 
J04 A 0 Focus on multiplier differences Misunderstands the problem 
J04 B 1 Correct Understands multiplication concept 
J04 C 0 Confuses multiplier and multiplicand Misunderstands multiplication concept 
J04 D 0 Confuses multiplier and multiplicand Misunderstands multiplication concept 
J05 A 0 Confuses + and - in first row Uses first row only to generate pattern 
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Item  
Distractor 
or 
Category 
OPM 
Re-coding Category Description Category Inference 
J05 B 0 Uses first row only Uses first row only to generate pattern 
J05 C 0 Confuses column A and B Uses first row only to generate pattern 
J05 D 1 Correct Can find rule for multiplicative pattern 
J06 A 1 Correct Understands metric unit relationships 
J06 B 0 Misunderstands metric unit relationships Misunderstands metric unit relationships 
J06 C 0 Misunderstands metric unit relationships Misunderstands metric unit relationships 
J06 D 0 Misunderstands metric unit relationships Misunderstands metric unit relationships 
J07 A 0 Uses all 'parts' to name a fraction Part-to-part problem 
J07 B 0 Uses all 'parts' to name a fraction Part-to-part problem 
J07 C 0 Miscounts shaded parts Counting problem 
J07 D 1 Correct Understands fraction concept 
J08 A 0 Rounds down to next ten for estimating Rounds down to lower ten 
J08 B 0 Uses mid-points (5) for estimating Uses mid-points as estimate 
J08 C 1 Correct Can round to nearest ten for estimate in 
addition 
J08 D 0 Misreads given numbers as sixties Reading problem 
J09 A 0 Does not understand 100 chart structure Does not understands place-value to 100 
J09 B 0 Does not understand 100 chart structure Does not understands place-value to 100 
J09 C 0 Does not understand 100 chart structure Does not understands place-value to 100 
J09 D 1 Correct Understands place-value to 100 
K01 A 1 Correct Can read a Venn diagram 
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Item  
Distractor 
or 
Category 
OPM 
Re-coding Category Description Category Inference 
K01 B 0 Square/circle cues too strong Misreads question (misses NOT) 
K01 C 0 Triangle/circle cues too strong Misreads question 
K01 D 0 NOT cue too strong Misreads question 
K02 A 0 Does not 'carry' correctly beyond units Does not understand place value in 
addition beyond units 
K02 B 0 Does not 'carry' correctly beyond units Does not understand place value in 
addition beyond units 
K02 C 1 Correct Understands place value 
K02 D 0 Does not 'carry' correctly beyond units except in last place Does not understand place value in 
addition beyond units 
K03 A 0 Divides instead of multiplying Does not understand the question 
K03 B 0 Adds instead of multiplying Does not understand the question 
K03 C 0 Subtracts instead of multiplying Does not understand the question 
K03 D 1 Correct Understands the question 
K04 A 1 Correct Can add and subtract three-digit numbers 
K04 B 0 Subtracts final scores Can subtract three-digit numbers 
K04 C 0 Subtraction problem Cannot subtract correctly 
K04 D 0 Subtraction problem Cannot subtract correctly 
K05 A 0 Poor estimation of length Poor length estimator 
K05 B 1 Correct Good length estimator 
K05 C 0 Real pencil length Misread cue (picture of a pencil) 
K05 D 0 Poor estimation of length Poor length estimator 
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Item  
Distractor 
or 
Category 
OPM 
Re-coding Category Description Category Inference 
K06 A 0 Uses next in sequence not 6th Misreads figure number 
K06 B 0 Uses 5th in sequence not 6th Misreads figure number 
K06 C 1 Correct Extends a multiplicative pattern 
K06 D 0 Uses 7th in sequence not 6th Misreads figure number 
K07 A 0 Confuses number of sides with length Does not understand perimeter 
K07 B 1 Correct Understands perimeter 
K07 C 0 Doesn't remember two equal sides are 12cm Does not understand perimeter 
K07 D 0 Thinks that P-W is length Does not understand perimeter 
K08 A 0 Misread NOT in question Misread NOT in question 
K08 B 0 Misread NOT in question Misread NOT in question 
K08 C 0 Misread NOT in question Misread NOT in question 
K08 D 1 Correct Correct 
K09 A 0 Multiplies two given numbers Does not understand two-step problem 
K09 B 1 Correct Understands two-step problem involving 
division and multiplication 
K09 C 0 Guess Guess 
K09 D 0 Multiplies two given numbers Does not understand two-step problem 
K09 E 0 Divides two given numbers Does not understand two-step problem 
L01 10 1 Correct Can interpret key in a pictograph 
L01 70 0 5, 6, 61/2, or 7 Cannot interpret key in a pictograph 
L01 71 0 1 Cannot interpret key in a pictograph 
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Item  
Distractor 
or 
Category 
OPM 
Re-coding Category Description Category Inference 
L01 72 0 650 Cannot interpret key in a pictograph and 
adds two given numbers 
L01 79 0 Other incorrect  Cannot read a pictograph 
L02 A 1 Correct Able to use basic concept of probability 
L02 B 0 Selects 100 marbles Possible confusion with percentages 
L02 C 0 Selects 1000 marbles Most objects equated with greatest chance 
L02 D 0 Focuses on the one red marble Does not understand concept of probability 
L03 A 1 Correct Can read a street directory 
L03 B 0 Mis-uses D, 2 as second item in row D Confused about second axis on graph 
L03 C 0 Uses only x-axis Reads only one axis 
L03 D 0 Guess Cannot read a street directory 
L04 A 0 Misunderstands repeating part of pattern Cannot discern a pattern 
L04 B 0 One pattern element dominates thinking Cannot discern two elements of a pattern 
L04 C 1 Correct Can discern a pattern 
L04 D 0 Guess Cannot discern a pattern 
L05 A 0 Misreads 'face' for 'edge'  Reading problem 
L05 B 0 Misreads 'edge' for 'vertex' Reading problem 
L05 C 1 Correct Good understanding of edge and face 
relationship 
L05 D 0 Multiplies faces by 4 edges Understands cube is 6 squares 
L06 A 0 Incorrect 'zero' rule used for multiplication Mis-uses 'add zeroes' rule for multiplication 
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Item  
Distractor 
or 
Category 
OPM 
Re-coding Category Description Category Inference 
L06 B 1 Correct Correct multiplication by 1000 
L06 C 0 Ignores decimal point in multiplication Cannot multiply with 999 
L06 D 0 900 000g  Cannot multiply by a 1000 
L07 A 0 Subtracts smaller from larger digits Subtracts smaller from larger digits 
L07 B 0 Confuses 100s and 10s places Place value error 
L07 C 1 Correct Understands place values 
L07 D 0 Confuses 1000s and 100s places Place value error 
L08 A 0 Confuses more steps as longer pace Scale ideas confused 
L08 B 0 Guess Poor ideas of scale 
L08 C 0 Guess Poor ideas of scale 
L08 D 1 Correct Understands scale ideas 
L09 A 1 Correct Understands simple logical relationship 
L09 B 0 Misunderstands 'older than' Reverses relationship 
L09 C 0 Guess Guess 
L09 D 0 Is not able to work out an answer Unable to solve the problem 
M01 A 0 Distracted by symmetry or orientation of spinner Misunderstands the idea of 'best' chance 
M01 B 1 Correct Understands proportion for succes 
M01 C 0 Less shaded area Confused idea of 'best' chance 
M01 D 0 Less shaded area Confused idea of 'best' chance 
M02 10 1 24 Can solve a two-step addition and 
subtraction problem 
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Item  
Distractor 
or 
Category 
OPM 
Re-coding Category Description Category Inference 
M02 70 0 30 Zero subtraction error (0-N=0) 
M02 71 0 34 Fails to 'borrow and pay-back' correctly 
M02 72 0 36 Adds only 
M02 79 0 Other incorrect Cannot add, subtract and complete two-
step problems 
M03 A 1 Correct Understands commutative principle for 
multiplication 
M03 B 0 Equates addition and multiplication (X+7, 7*X) Equates addition and multiplication (X+7, 
7*X) 
M03 C 0 Equates subtraction and multiplication (X-7, 7*X) Equates subtraction and multiplication (X-
7, 7*X) 
M03 D 0 Equates addition and multiplication (7+X, 7*X) Equates addition and multiplication (7+X, 
7*X) 
M03 E 0 Equates addition and multiplication (X+7, 7*X) Equates addition and multiplication (X+7, 
7*X) 
M04 10 1 3 and 2 in that order Uses grid co-ordinates correctly 
M04 70 0 2 and 3 in that order Reverses grid co-ordinates 
M04 79 0 Other incorrect Cannot use co-ordinate system 
M05 A 0 Decimal record fractional parts Does not understand decimal notation 
M05 B 0 Two parts shaded means a half Does not understand vulgar fractions 
M05 C 1 Correct Correctly uses decimal notation 
M05 D 0 Numerically correct but Place Value problem Does not understand some of decimal 
notation 
M06 A 1 Correct Understands place value to hundreds 
M06 B 0 Adds 2 Place value problems with hundreds 
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Item  
Distractor 
or 
Category 
OPM 
Re-coding Category Description Category Inference 
M06 C 0 Subtracts 2 Place value problems with hundreds, poor 
logic 
M06 D 0 Numerically correct but subtracts Misunderstands logic of the problem 
M07 A 1 Correct Knows metric units 
M07 B 0 Millilitres for mass Does not know metric units 
M07 C 0 Millilitres for large volume Metric unit 'size' problem 
M07 D 0 Millilitres for length Does not know metric units 
M08 A 0 Reads only thousands and hundreds places Place value problems 
M08 B 0 Mis-reads 'largest' as 'smallest' Reading problem 
M08 C 0 Reads only tens and units places Place value problems 
M08 D 1 Correct Understands place value to thousands 
M09 A 1 Correct Can solve problems with pro-numerals 
M09 B 0 Does not understand <> symbols Does not understand <> symbols 
M09 C 0 Reads x as + Reading problem 
M09 D 0 Reads x as addition Does not understand <> symbols 
S01 20 1 Completely correct bar-graph No problems with bar-graphs 
S01 21 1 Substantially correct bar-graph Minor problems drawing a bar-graph 
S01 10 1 Partially correct bar-graph Has difficulty drawing a bar-graph 
S01 11 1 Bar-graph with correct heights only Major problems drawing a bar-graph 
S01 70 0 No bar-graph drawn Substantial problems drawing a bargraph 
S01 79 0 Other incorrect Substantial problems drawing a bar-graph 
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Item  
Distractor 
or 
Category 
OPM 
Re-coding Category Description Category Inference 
S02 10 1 700 or seven hundred Understands place value to hundreds 
S02 70 0 7 Misunderstands the question 
S02 71 0 43 Understands part of the question to be 
addition 
S02 72 0 70 Does not understand place value 
S02 73 0 Uses digits 2739 in other ways Does not understand place value 
S02 79 0 Other incorrect Does not understand place value 
S03 20 1 Correct calculation of 96.4-333.2=63.2 Solves measurement problem 
S03 10 1 Correct answer but no working Solves measurement problem 
S03 11 1 Subtraction used but answer incorrect Partially solves measurement problem 
S03 19 1 Partially correct solution Partially solves measurement problem 
S03 70 0 Incorrect answers or method Cannot solve subtraction problem in 
measurement 
S03 79 0 Other incorrect Cannot perform measurement subtraction 
S04 10 1 30 Uses multiplication and division to solve a 
two-step problem 
S04 70 0 10 Uses number in question as the answer 
S04 71 0 15 Chooses incorrect unit for multiplication in 
solution 
S04 72 0 20 Does not understand how to solve a 
multiplicative problem 
S04 73 0 21 Does not understand how to solve a 
multiplicative problem 
S04 74 0 25 Does not understand how to solve a 
multiplicative problem 
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Item  
Distractor 
or 
Category 
OPM 
Re-coding Category Description Category Inference 
S04 75 0 40 Does not understand how to solve a 
multiplicative problem 
S04 79 0 Other Incorrect Does not understand how to solve a 
multiplicative problem 
S05 10 1 4 Good estimation of length 
S05 11 1 5 Poor estimation of length 
S05 19 1 Within 4<X>5.5 Reasonable estimation of length 
S05 70 0 Less than 3 Poor estimation of length 
S05 71 0 Within 3<X>4 Reasonable estimation of length 
S05 72 0 Within 6.5<X>8 Very poor estimation of length 
S05 73 0 Within 5.5<X>6.6 Poor estimation of length 
S05 79 0 Other incorrect Unable to estimate length 
T01a 10 1 25 Reads the y-axis on a bar-graph correctly 
T01a 70 0 5 Interprets the y-axis on a bar-graph as a 
one-to-one scale 
T01a 79 0 Other incorrect Reads the y-axis incorrectly 
T01b 20 1 125 with calculations shown Reads the data from the y-axis and uses it 
to solve a problem 
T01b 21 1 125 verbal explanation of correct procedure Reads the data from the y-axis and uses it 
to solve a problem 
T01b 29 1 Other correct Reads the data from the y-axis and uses it 
to solve a problem 
T01b 10 1 Addition used incorrectly Can read the y-axis 
T01b 11 1 125 but no working shown Can read the y-axis 
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Item  
Distractor 
or 
Category 
OPM 
Re-coding Category Description Category Inference 
T01b 19 1 Other partially correct Can read the y-axis 
T01b 70 0 115 or 135 Incorrect addition Cannot add correctly 
T01b 71 0 25 Does not understand how to solve the 
problem 
T01b 79 0 Other incorrect Does not understand how to solve the 
problem 
T02 10 1 1349 Understands place value up to thousands 
T02 70 0 1, 3, 4, 9 Does not understand the question 
T02 71 0 1 The smallest of the numbers Does not understand the question 
T02 72 0 4 Counts how many numbers Does not understand the question 
T02 73 0 17 Adds the numbers Does not understand the question 
T02 74 0 Any four digit number with 1, 3, 4, 9 except 1349 Does not understand place value 
T02 75 0 13 Misunderstands the question 
T02 79 0 Other incorrect Mis-understands the question 
T03 10 1 05:30 or 5:30 Can subtract time 
T03 11 1 Correct written answer Can subtract time 
T03 70 0 04:30 and equivalents Incorrect subtraction 
T03 71 0 06:00 and equivalents Incorrect subtraction 
T03 72 0 06:30 and equivalents Incorrect subtraction 
T03 73 0 08:30 and equivalents Misunderstands question, adds 
T03 79 0 Other incorrect Cannot solve subtraction of time problems 
T04a 10 1 YES Response says that 10 is half of 20 or 20 is twice 10 Understands a ratio 
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Item  
Distractor 
or 
Category 
OPM 
Re-coding Category Description Category Inference 
T04a 19 1 Other correct explanations Understands a ratio 
T04a 70 0 NO Unsatisfactory explanation Does not understand ratio 
T04a 71 0 NO No explanation Does not understand ratio 
T04a 72 0 YES Unsatisfactory explanation Does not understand ratio 
T04a 73 0 YES No explanation Does not understand ratio 
T04a 79 0 Other incorrect Does not understand ratio 
T04b 10 1 NO Response says that 10 is not half of 30 Understands a ratio 
T04b 19 1 Other correct explanations Understands a ratio 
T04b 70 0 YES Unsatisfactory explanation Does not understand ratio 
T04b 71 0 YES No explanation Does not understand ratio 
T04b 72 0 NO Unsatisfactory explanation Does not understand ratio 
T04b 73 0 NO No explanation Does not understand ratio 
T04b 79 0 Other incorrect Does not understand ratio 
T05 10 1 Correct drawing Can visualize accurately 
T05 11 1 Correct drawing of remaining paper Can visualize accurately 
T05 19 1 Other correct Can visualize accurately 
T05 70 0 Incorrect fold-line visualized Cannot visualize accurately 
T05 71 0 No fold-line visualized Cannot visualize accurately 
T05 72 0 Incomplete visualization of cut-out figure Cannot visualize accurately 
T05 79 0 Other incorrect Cannot visualize accurately 
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U01 20 1 14 triangles drawn Can visualize accurately 
U01 10 1 14 but incorrect triangles drawn Can visualize accurately 
U01 11 1 14 no drawing Can visualize accurately 
U01 12 1 Drawing correct but triangles miscounted Can visualize accurately 
U01 70 0 Incorrect drawing and count Cannot visualize accurately 
U01 79 0 Other incorrect Cannot visualize accurately 
U02 10 1 A fraction with numerator greater than 2 and a denominator equal to 7 Understand concept of vulgar fraction  
U02 11 1 A fraction with numerator equal to 2 and a denominator less than 7 Understand concept of vulgar fraction  
U02 12 1 Three-eighths Understand concept of vulgar fraction  
U02 13 1 One-half. (Other fractions with numeric value equal to one-half are coded 19) Understand concept of vulgar fraction  
U02 19 1 Other correct fractions Understand concept of vulgar fraction  
U02 70 0 One-seventh Misunderstands the question 
U02 71 0 Four-fourteenths Believes doubling digits changes the value 
of a vulgar fraction 
U02 72 0 Two-eighths Ignores numerator and believes that the 
larger the denominator the larger the 
vulgar fraction 
U02 79 0 Other incorrect Does not understand the concept of vulgar 
fractions 
U03a 10 1 30 Can solve a two-step multiplicative 
problem 
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U03a 70 0 10 Misreads problem 
U03a 79 0 Other incorrect Cannot solve a two-step multiplicative 
problem 
U03b 10 1 27 Can solve a two-step multiplicative 
problem 
U03b 70 0 Any other multiple of 3 Cannot solve a two-step multiplicative 
problem 
U03b 79 0 Other incorrect Cannot solve a two-step multiplicative 
problem 
U03c 10 1 Louisa Can solve simple time duration problem 
U03c 11 1 Response consistent with a, b answers Can solve simple time duration problem 
U03c 70 0 Response inconsistent with either part a, b, or both Cannot solve simple time duration problem 
U03c 79 0 Other incorrect Cannot solve simple time duration problem 
U04 10 1 Decreases by 4 Finds the rule for a number pattern 
U04 11 1 30 Indicates next number 
U04 19 1 Other correct Understands the rule for a number pattern 
U04 70 0 Increases by 4 Misreads the question 
U04 71 0 4 with no explanation Knows the 'rule' number 
U04 79 0 Other incorrect Does not understand the rule for a number 
pattern 
U05 10 1 5X4 Understands multiplication concept 
U05 11 1 4X5 Understands multiplication concept 
U05 19 1 Other correct Understands multiplication concept 
U05 70 0 4X4=16 Miscounts, correct fact 
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U05 71 0 4X4=20 Miscounts, incorrect fact 
U05 72 0 10X2=20 or 2X10=20 Uses total and a known fact 
U05 79 0 Other incorrect Does not understand multiplication concept 
V01 20 1 NO Both circles correctly partitioned Understands fraction concept and can 
explain 
V01 10 1 NO No partitioning shown Understands fraction concept but no 
explanation 
V01 11 1 NO Only one circle correct Understands fraction concept with partial 
explanation 
V01 12 1 NO other incorrect partitioning Understands fraction concept 
V01 13 1 YES Both circles correctly partitioned but no explanation Misunderstands fraction representation 
V01 19 1 Other partially correct Understands fraction concept 
V01 70 0 YES No partitioning  Misunderstands fraction concept 
V01 71 0 YES 1/3 smaller than 1/4 Misunderstands fraction concept 
V01 72 0 YES One or both partitionings in 3 or 4 parts Misunderstands fraction concept 
V01 79 0 Other incorrect Misunderstands fraction concept 
V02 10 1 57821 Understands place value to 10 000 
V02 70 0 66821 Adds 10 000 
V02 71 0 Any number except 66821 where at least one digit has increased by 1 Adds a multiple of ten 
V02 79 0 Other incorrect Place value problems 
V03 10 1 198 Bridges 200 in subtraction 
V03 70 0 98 or 298 Cannot bridge 200 correctly in subtraction 
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V03 71 0 5 Uses given n umber 
V03 72 0 206 Adds only 
V03 79 0 Other incorrect Cannot bridge 100 in subtraction 
V04a 20 1 Mysong 64, 55 shown (or the difference 9) Understands addition of two-digit numbers 
V04a 10 1 Mysong Either 64 ot 55 not both Understands addition of two-digit numbers 
V04a 11 1 Mysong No explanation Understands addition of two-digit numbers 
V04a 12 1 Mysong 64, 55 shown with unsatisfactory explanation Understands addition of two-digit numbers 
V04a 13 1 Mysong 64, 55 shown with no explanation Understands addition of two-digit numbers 
V04a 19 1 Other Mysong responses Understands addition of two-digit numbers 
V04a 70 0 Neither win Poor understanding of addition of two-digit 
numbers 
V04a 71 0 Naoki with or without explanation Poor understanding of addition of two-digit 
numbers 
V04a 79 0 Other incorrect (including 'both won') Poor understanding of addition of two-digit 
numbers 
V04b 10 1 One of: 42+31; 41+32; 31+42; 32+41 Understands addition of two-digit numbers 
V04b 70 0 Incorrect combinations of 1, 2, 3, 4 Poor understanding of addition of two-digit 
numbers 
V04b 71 0 Combinations of 1, 2, 3, 4 and some used twice Misunderstands the question 
V04b 72 0 Combinations using digits other than 1, 2, 3, 4 Misunderstands the question 
V04b 79 0 Other incorrect Poor understanding of addition of two-digit 
numbers 
V05 10 1 1000 Understands metric units 
V05 11 1 Thousand or 'one thousand' Understands metric units 
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V05 70 0 10 Incorrect relationship 
V05 71 0 60 Does not understand metric units 
V05 72 0 100 Incorrect relationship 
V05 73 0 10 000 Incorrect relationship 
V05 79 0 Other incorrect Does not understand metric units 
 
Appendix XIV  OPM Re-codings 
 742 
Population 2 
Item  
Distractor 
or 
Category 
OPM 
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I01 A 0 Smallest of any three numbers Does not understand an algebraic expression 
I01 B 1 Correct Understands an algebraic expression 
I01 C 0 Largest of any three numbers Does not understand an algebraic expression 
I01 D 0 Does not fully understand the problem Does not understand an algebraic expression 
I02 A 0 Uses given number, 2 Unable to solve a two-step problem 
I02 B 0 Guess Unable to solve a two-step problem 
I02 C 1 Correct Able to solve a two-step problem 
I02 D 0 Finds two-thirds of 60 Able to solve a two-step problem 
I02 E 0 Finds three-quarters of 60 Able to solve a two-step problem 
I03 A 0 Misunderstands metric units  (litres) Mis-understands metric units (litres) 
I03 B 0 Misunderstands metric units  (litres) Mis-understands metric units (litres) 
I03 C 1 Correct Understands metric units (litres) 
I03 D 0 Misunderstands metric units  (litres) Mis-understands metric units (litres) 
I04 10 1 Correct (52) Able to solve a two-step problem 
I04 70 0 27 and 38 Solves only part of a two-step problem 
I04 71 0 27 or 38 Solves only part of a two-step problem 
I04 72 0 17 Misreads question 
I04 73 0 31 Misread question 
I04 74 0 42 Unable to solve a two-step problem 
I04 75 0 There is no other number that occurs in both 
sequences' or any similar explanation 
Unable to solve a two-step problem 
I04 79 0 Other incorrect Unable to solve a two-step problem 
I05 A 0 Problems after a decomposition in decimal 
subtraction 
Unable to perform decimal subtraction to 
100ths 
I05 B 1 Correct Able to perform two-place decimal subtraction 
I05 C 0 Forgets to 'carry' after 'borrowing' in decimal 
subtraction 
Performs decomposition inconsistently 
I05 D 0 Smaller from larger as subtraction strategy Smaller from larger as subtraction strategy 
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I06 10 1 A fraction with numerator greater than 2 and a 
denominator equal to 7 
Understands concept of vulgar fraction 
I06 11 1 A fraction with numerator equal to 2 and a 
denominator less than 7 
Understands concept of vulgar fraction 
I06 12 1 Three-eighths Understands concept of vulgar fraction 
I06 13 1 One-half. (Other fractions with numeric value equal 
to one-half are coded 19) 
Understand sconcept of vulgar fraction 
I06 19 1 Other correct fractions Understands concept of vulgar fraction 
I06 70 0 One-seventh Misunderstands the question 
I06 71 0 Four-fourteenths Believes doubling digits changes the value of 
a vulgar fraction 
I06 72 0 Two-eighths Ignores numerator and believes that the larger 
the denominator the larger the vulgar fraction 
I06 79 0 Other incorrect Does not understand the concept of vulgar 
fractions 
I07 A 1 Correct Understands use of estimation of price ($) 
I07 B 0 Guess Does not understand the use of estimation of 
price ($) 
I07 C 0 Guess Does not understand the use of estimation of 
price ($) 
I07 D 0 Guess Does not understand the use of estimation of 
price ($) 
 
I08 A 0 (1, 1) Cannot find co-ordinates on a linear graph 
I08 B 0 (2, 4) Finds equation but neglects intercept 
I08 C 1 (5, 6) Correct Can find points on linear graph 
I08 D 0 (6, 3) Mis-calculates gradient and intercept 
I08 E 0 (6, 5) Reverses co-ordinate order 
I09 A 1 Correct One-half gives the greatest chance of 
selection 
I09 B 0 Blue Does not know the concept of probability 
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I09 C 0 Green Does not know the concept of probability 
I09 D 0 Yellow Largest denominator 
J10 A 0 Adds given figures Does not understand problem 
J10 B 0 Subtracts side lengths to find area difference Solves only part of a two-step problem 
J10 C 1 Correct Completes a two-step problem 
J10 D 0 Calculates larger area only Solves only part of a two-step problem 
J11 A 0 Adjacent sides Does not know definition of parallelogram 
J11 B 0 Parallel trigger for answer Does not know definition of parallelogram 
J11 C 0 Axis of symmetry Does not know definition of parallelogram 
J11 D 0 Adjacent angles Does not know definition of parallelogram 
J11 E 1 Correct Understands definition of parallelogram 
J12 10 1 Six-sevenths Understands division of vulgar fractions 
J12 19 1 Other fraction or decimal equalling six-sevenths Understands division of vulgar fractions 
J12 70 0 Any fraction with 2 as a numerator Has incomplete knowledge or skill for 
performing division of vulgar fractions 
J12 71 0 A response (other than 90/105) that indicates 
working out the common denominator, 105 
Has incomplete knowledge or skill for 
performing division of vulgar fractions 
J12 72 0 Seven-sixths or equivalent Does not fully understand method for dividing 
vulgar fractions 
J12 79 0 Other incorrect Has incomplete knowledge or skill for 
performing division of vulgar fractions 
J13 10 1 5 and a half faces Understands pictograph key 
J13 11 1 5 full faces and some expression indicating one half 
a face or a new symbol for a 5 is defined and used, 
e.g. expressions like '+5', fractions with faces as 
numerator or denominator or similar  
Understands pictographs 
J13 19 1 Other correct Understands pictographs 
J13 70 0 4 and a half faces Misunderstands pictograph key 
J13 71 0 5 faces Misunderstands pictograph key 
J13 72 0 6 faces Does not understand pictograph key 
J13 79 0 Other incorrect Does not understand pictograph key 
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J14 A 0 Counts decimal places (like multiplication) Does not understand division of decimals 
J14 B 0 Ignores decimal point in divisor Does not understand division of decimals 
J14 C 0 Decimal place error Misunderstanding of decimal places 
J14 D 0 Decimal place error Misunderstanding of decimal places 
J14 E 1 Correct Understands decimal places 
J15 A 1 Correct Understands definition of similar triangles 
J15 B 0 Selects by 'sight' Does not know definition of similarity 
J15 C 0 Selects by similar orientation Does not know definition of similarity 
J15 D 0 Selects by similar 'pointy-ness' Does not know definition of similarity 
J15 E 0 Misreads as dissimilar in lay sense Does not know definition of similarity 
J16 A 1 (8, 12) Correct Can estimate co-ordinates 
J16 B 0 Mis-estimates y-axis Cannot use co-ordinate system 
J16 C 0 Reverses x and y co-ordinates Cannot use co-ordinate system 
J16 D 0 Uses symmetry Does not understand co-ordinate system 
J17 A 0 4km Guess Cannot use map scale 
J17 B 0 16 km Guess Cannot use map scale 
J17 C 1 Correct Can use map scale 
J17 D 0 50 km Guess Cannot use map scale 
J18 A 0 Copies previous entry Cannot recognizes number relationship in a 
pattern 
J18 B 1 Correct Correctly recognizes number relationship in a 
pattern 
J18 C 0 Doubles x value Cannot correctly recognizes number 
relationship in a pattern 
J18 D 0 Two less than next value (like x value) Cannot correctly recognizes number 
relationship in a pattern 
J18 E 0 Subtracts 6 (y pattern in reverse order) Cannot correctly recognizes number 
relationship in a pattern 
K01 A 0 Checks by 'eye' Uses stem as visual clue for area model vulgar 
fraction 
K01 B 0 Checks by 'eye' Uses stem as visual clue for area model vulgar 
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fraction 
K01 C 0 Checks by 'eye' Uses stem as visual clue for area model vulgar 
fraction 
K01 D 1 Correct Can estimate a vulgar fraction in an area 
model 
K01 E 0 Guess Cannot estimate a vulgar fraction 
K02 10 1 9.375 Can add two three-place decimal numbers 
K02 19 1 Other responses equivalent to 9.375 Can add two three-place decimal numbers 
K02 70 0 8.700 or 8.7 Cannot add two three-place decimal numbers 
K02 71 0 Contains miscalculated figures  
Example: 10.375, 9.395, 9.475 or similar 
Makes errors when adding two three-place 
decimal numbers 
K02 72 0 One of the following: 6, 60, 600, or 6000 Makes decimal point errors 
K02 79 0 Other incorrect Makes errors when adding two three-place 
decimal numbers 
K03 A 1 Correct Can visualize a 3-D object when rotated 
K03 B 0 Quarter turn with a left to right 'flip' Cannot visualize 3-D objects correctly when 
rotated 
K03 C 0 Half turn with left to right 'flip' Cannot visualize 3-D objects correctly when 
rotated 
K03 D 0 Adds extra cubes to shape Cannot visualize 3-D object when rotated 
K04 A 0 Translates denominator across < sign Does not understand inequality rules 
K04 B 0 Subtracts 2 from other side of in-equation Does not understand inequality rules 
K04 C 1 Correct Understands inequality rules 
K04 D 0 Subtracts 2 and changes sign to > Does not understand inequality rules 
K04 E 0 Multiplies by 2 and changes sign to > Does not understand inequality rules 
K05 10 1 12 Knows area and perimeter rules for rectangles 
K05 70 0 22 Adds given numbers 
K05 71 0 24 Multiplies half the given number values 
K05 72 0 48 Multiplies half of one of the given number 
values by the other 
K05 73 0 60 Multiplies given length by both opposite sides 
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K05 74 0 96 or indication of 6*16 Multiplies given numbers 
K05 79 0 Other incorrect Does not understand area and perimeter 
K06 A 0 50% more students Cannot calculate % of given number 
K06 B 0 30% more students Cannot calculate % of given number 
K06 C 0 25% more students Cannot calculate % of given number 
K06 D 1 Correct Can calculate 115% of given number 
K06 E 0 Rounds up to 1200 Does not understand % as a fraction 
K07 A 0 Divides by 7 only Cannot complete probability calculation 
K07 B 0 6 Numerator misunderstanding Misunderstand role of numerator in probability 
K07 C 1 Correct Able to complete two-step probability problem 
K07 D 0 10 Guess Unable to complete two-step probability 
problem 
K07 E 0 Calculates reverse of question Misunderstands problem 
K08 A 0 Fills gap with given angle Does not know properties of similar triangles 
K08 B 1 Correct Knows properties of similar triangles 
K08 C 0 Error in 52+73 or subtraction from 180 Knows properties of similar triangles 
K08 D 0 Repeats angle from question stem Does not know properties of similar triangles 
K08 E 0 Error in subtraction from 180 Knows properties of similar triangles 
K09 A 0 Adds denominators and numerators as whole 
numbers 
Treats vulgar fractions as whole numbers 
K09 B 0 Incorrect denominator-numerator multiplication Does not understand the rôle of the common 
denominator 
K09 C 0 Incorrect denominator-numerator multiplication Does not understand the rôle of the common 
denominator role 
K09 D 1 Correct Able to solve vulgar fraction addition 
L08 A 0 Under estimates height Poor estimation of height 
L08 B 1 Correct Able to estimate height 
L08 C 0 Over estimates height Poor estimation of height 
L08 D 0 Very poor estimate of height Very poor estimation of height 
L09 A 0 Misreads 'hundred' Misreads question 
L09 B 1 Correct Understands numeration to tenths 
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L09 C 0 Ignores 'tenths' Ignores decimal point 
L09 D 0 Expresses number literally Does not understand numeration 
L10 A 0 Reads only 'noon' part of table Reads only part of a table 
L10 B 1 Correct Able to read table of values 
L10 C 0 15 Guess Unable to read table of values 
L10 D 0 Misreads 'highest' as 'lowest' Reading problem 
L11 A 0 Adds drops only Misunderstands question 
L11 B 0 Misses last 'drop' Misreads question 
L11 C 1 Correct Able to solve two-step problem 
L11 D 0 Doubles first drop Misunderstands question 
L12 A 0 Confuses more steps as longer pace Scale ideas confused 
L12 B 0 Guess Poor ideas of scale 
L12 C 0 Guess Poor ideas of scale 
L12 D 1 Correct Understands scale ideas 
L13 A 0 Misunderstands repeating part of pattern Cannot discern a pattern 
L13 B 0 One pattern element dominates thinking Cannot discern two elements of a pattern 
L13 C 1 Correct Can discern a pattern 
L13 D 0 Guess Cannot discern a pattern 
L14 A 0 Uses x sequence only for P; Q unknown Uses only part of the given information 
L14 B 0 Uses x sequence only for P; uses doubling for Q Uses only part of the given information 
L14 C 0 Uses x sequence only for P; uses subtraction for Q Uses only part of the given information 
L14 D 0 Reverses values Able to establish relationship but confuses x, y 
sequences 
L14 E 1 Correct Able to establish relationship between x, y 
sequences 
L15 A 1 Correct Calculates missing angle in quadrilateral 
L15 B 0 Uses given value Unable to calculate missing angle 
L15 C 0 130 degrees Guess Unable to calculate missing angle 
L15 D 0 Omits given value in calculation Does not use all given information 
L15 E 0 None of the above No understanding of the problem Unable to calculate missing angle 
L16 10 1 Correct Able to solve a linear equation for x 
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L16 70 0 Correct procedure but incorrect sign of x or numbers Problems with signs in equation solution 
L16 71 0 Correct procedure but incorrect sign of x or numbers Problems with signs in equation solution 
L16 72 0 Does not eliminate x from both sides Incomplete understanding of equation solution 
method 
L16 79 0 Other incorrect Cannot solve linear equation 
L17 A 0 Incorrect conversion of two-thirds to twelfths Problem with equivalence 
L17 B 1 Correct Able to form common denominator 
L17 C 0 Uses 24 as common denominator and mis-adds Problem with choice of common denominator 
L17 D 0 Converts two-thirds to nine-twelfths Problem with equivalence 
L17 E 0 Does not convert quarters to twelfths Problem with equivalence 
M01 A 0 Reads divisions on scale as 1 gram Cannot read semi-marked scale 
M01 B 0 160g A number between 150 and 200 Cannot read scale 
M01 C 0 Reads divisions on scale as 5 gram Cannot read semi-marked scale 
M01 D 1 Correct Able to read semi-marked scale 
M02 A 1 Correct Knows symmetry elements of a rectangle 
M02 B 0 Selects vertical line of symmetry Knows some symmetry elements of a 
rectangle 
M02 C 0 Selects horizontal line of symmetry Knows some symmetry elements of a 
rectangle 
M02 D 0 Confuses diagonals and lines of symmetry Does not have a clear understanding of 
symmetry 
M03 A 1 Correct Able to use basic concept of probability 
M03 B 0 Selects 100 marbles Possible confusion with percentages 
M03 C 0 Selects 1000 marbles Most objects equated with greatest chance 
M03 D 0 Focuses on the one red marble Does not understand concept of probability 
M04 A 1 Correct Understands vulgar fraction notation 
M04 B 0 Selects large common fraction (three-quarters) Mis-led by familiarity of three-quarters 
M04 C 0 5/8 Numerator and denominator both large numbers Does not understand vulgar fractions 
M04 D 0 Selects largest denominator Whole number view of the denominator 
M05 A 0 Horizontal flip Flip instead of rotate 
M05 B 0 Vertical flip Flip instead of rotate 
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M05 C 0 Unchanged No understanding of rotations 
M05 D 1 Correct Understands rotations 
M05 E 0 Shifts shape up the page Neither flip nor rotation 
M06 10 1 Correct Able to calculate a ratio 
M06 70 0 7 Adds given numbers in ratio problem 
M06 71 0 12 Multiplies given numbers in ratio problem 
M06 72 0 13 Divides class number into half and subtracts 1 
(given number difference) 
M06 73 0 15 Divides class number into half and subtracts 1 
(given number difference) 
M06 74 0 21 Manipulates all given numbers 
M06 79 0 Other incorrect Cannot solve a ratio problem 
M07 A 0 Ignores x, multiplies given numbers Does not understand equations with an 
unknown 
M07 B 0 x is 10, so 4 *  is 40 Does not understand equations with an 
unknown 
M07 C 0 x is 10, so 5*  is 50 and is the wrong angle Misunderstands problem 
M07 D 1 Correct Able to solve unknown angle problem 
M07 E 0 Wrong angle doubled Misreads question 
M08 10 1 Correct Able to multiply decimals 
M08 70 0 1.1368 Unable to place the decimal point correctly 
M08 71 0 11.368 Unable to place the decimal point correctly 
M08 72 0 11368 Unable to place the decimal point correctly 
M08 73 0 Other misplaced decimal point Unable to place the decimal point correctly 
M08 74 0 One miscalculated digit Problems with multiplication 
M08 75 0 Decimal larger than 0 or less than 1 Problems with multiplication 
M08 79 0 Other incorrect Problems with multiplication 
N11 A 0 18 043 Misread given number as 18 100 Unable to round correctly 
N11 B 1 Correct Able to round correctly to the nearest 100 
N11 C 0 Rounds down to 200 Unable to round correctly 
N11 D 0 18 328 Misreads given number as 18 300 Unable to round correctly 
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N12 A 0 Between O and P Adds given numbers and 
subtracts from R 
Unable to solve number-line problem 
N12 B 1 Correct Able to solve number-line problem 
N12 C 0 Counts 5 left, 3 right Unable to solve number-line problem 
N12 D 0 Misunderstands question Does not understand problem 
N13 10 1 3 Correct Substitutes in an algebraic problem 
N13 11 1 Correct fractional answer (not lowest terms) Substitutes in an algebraic problem 
N13 70 0 Incomplete correct solution Partial substitution in an algebraic problem 
N13 71 0 Incorrect substitution Unable to substitute correctly in an algebraic 
equation 
N13 72 0 Response still contains x Incomplete solution 
N13 79 0 Other incorrect Unable to solve an algebraic equation 
N14 A 0 Equivalence by a numerator common factor of 2 Does not know equivalent fractions 
N14 B 0 3/5, 5/7, 9/15 All odd numbers Does not know equivalent fractions 
N14 C 1 Correct Knows equivalent fractions 
N14 D 0 Equivalence by a numerator common factor of 5 Does not know equivalent fractions 
N15 A 0 Guesses angle Unable to estimate an angle of 30 degrees 
N15 B 0 Guesses angle Unable to estimate an angle of 30 degrees 
N15 C 1 Correct Able to estimate an angle of 30 degrees 
N15 D 0 Guesses angle Unable to estimate an angle of 30 degrees 
N16 A 1 Correct Able to solve two-sep fraction problem 
N16 B 0 Adds marbles left to total (18+6) Misunderstands the problem 
N16 C 0 Misses point that the one-third is of remaining 
marbles but does not add the 6 
Misunderstands the problem 
N16 D 0 Misses point that the one-third is of remaining 
marbles and adds the remaining 
Misreads the problem 
N17 A 1 Correct Able to solve two-step decimal problem 
N17 B 0 17.65 litres Error in subtraction from 180 Unable to solve two-step problem 
N17 C 0 Calculates used fuel only Misunderstands problem 
N17 D 0 Subtracts smaller from larger (35.00 - 18.75 = 23.75) Smaller from larger subtraction 
N18 A 0 One chip drawn from 9 Misunderstands the problem 
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N18 B 0 An even number, 2 Misunderstands the problem 
N18 C 1 Correct Understands probability 
N18 D 0 Half the numbers are even Misunderstands probability 
N19 10 1 Correct  Understands vulgar fractions as part of whole 
N19 70 0 Numerator (5) squares shaded Partial understanding of vulgar fractions 
N19 71 0 Denominator (8) squares shaded Partial understanding of vulgar fractions 
N19 72 0 14 or 16 squares shaded Partial understanding of vulgar fractions 
N19 73 0 5 shaded squares and 3 more indicated to total 8 Poor understanding of vulgar fractions 
N19 79 0 Other incorrect Does not understand vulgar fractions 
O01 A 0 Reads 20m instead of 30m Misreads graph axis 
O01 B 1 Correct Able to read x-axis value from given y-axis 
value 
O01 C 0 Reads 50m instead of 30m Misreads graph axis 
O01 D 0 160 kph Guess Graph reading problem 
O02 A 0 15% difference in price in cents Unable to calculate percentage increase in 
price 
O02 B 0 20% Guess Unable to calculate percentage increase in 
price 
O02 C 1 Correct Able to calculate percentage increase in price 
O02 D 0 30% Guess Unable to calculate percentage increase in 
price 
O03 A 0 Confuses alternative and supplementary angles Confuses alternative and supplementary 
angles 
O03 B 1 Correct Understands corresponding and 
supplementary angles 
O03 C 0 Does not understand corresponding angles Does not understand corresponding angles 
O03 D 0 Does not understand alternative and corresponding 
angles 
Does not understand alternative and 
corresponding angles 
O03 E 0 Does not understand alternative and corresponding 
angles 
Does not understand alternative and 
corresponding angles 
O04 A 0 Hundred instead of hundredths Mis-read problem 
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O04 B 0 Rounds to nearest whole number Misunderstands problem 
O04 C 0 Rounds 6 hundredths to 1 tenth Unable to round to hundredths 
O04 D 1 Correct Able to round to hundredths 
O04 E 0 Rounds thousandths instead of hundredths Unable to round to hundredths 
O05 A 0 One Difference of given numbers Does not understand probability 
O05 B 0 Given number used for probability Does not understand probability 
O05 C 0 Two colours so half and half Does not understand probability 
O05 D 1 Correct Understand probability 
O05 E 0 Adds given numbers Does not understand probability 
O06 10 1 8:05 Correct Able to solve addition of time problems 
O06 11 1 Other equivalent to 8:05 Able to solve addition of time problems 
O06 70 0 7:50:Adds half an hour Cannot add time 
O06 71 0 8:00 Adds 40 minutes Cannot add time 
O06 72 0 8:10 Adds incorrectly Cannot add time 
O06 73 0 8:15 Adds incorrectly Cannot add time 
O06 74 0 8:35 Adds incorrectly Cannot add time 
O06 79 0 Other incorrect Cannot add time 
O07 A 0 x = 2  Divides by 5, 3x = 6 Unable to solve equation with x on LHS 
O07 B 1 Correct Able to solve equation with x on LHS only 
O07 C 0 Ignores +5 Unable to solve equation with x on LHS 
O07 D 0 Multiplies by 3, adds 5 to right-hand-side Unable to solve equation with x on LHS 
O08 A 0 Misunderstands 'rotate' or 'centre' Does not understand rotations 
O08 B 1 Correct Understands rotations 
O08 C 0 T goes to R so R is centre Does not understand rotations 
O08 D 0 The centre of the drawing Does not understand rotations 
O08 E 0 T  T spins to R Does not understand rotations 
O09 10 1 Correct Able to divide vulgar fractions 
O09 70 0 Multiplies denominator by given 5km. Multiplication is default operation 
O09 71 0 Multiplies 5 by one-quarter (5/4) Multiplication is default operation 
O09 72 0 2 Does not understand division by vulgar 
fractions 
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O09 73 0 3 Does not understand division by vulgar 
fractions 
O09 74 0 4 Given denominator  Does not understand division by vulgar 
fractions 
O09 75 0 5 Given number Does not understand division by vulgar 
fractions 
O09 79 0 Other incorrect Does not understand division by vulgar 
fractions 
P08 A 0 1/1 Confuses side and perimeter Unable to identify ratios 
P08 B 0 1/2 Confuses side and half-perimeter Unable to identify ratios 
P08 C 0 One out of three (remaining) Unable to identify ratios 
P08 D 1 Correct Able to identify ratios 
P09 A 0 3*8/12 Uses all given numbers Unable to identify and calculate ratios 
P09 B 0 4 Divides some of the given numbersr Unable to identify and calculate ratios 
P09 C 1 Correct Able to identify and calculate ratios 
P09 D 0 5.5 Poor multiplication Unable to calculate ratios 
P09 E 0 32 3*8 given numbers Unable to identify and calculate ratios 
P10 A 0 m+4 Confuses operations Does not understand index notation 
P10 B 1 Correct Understands index notation 
P10 C 0 m4 Confuses + and * Does not understand index notation 
P10 D 0 4(m+1) Does not understand index notation 
P11 A 0 12-3=9 Rough estimate Poor estimation of length 
P11 B 1 Correct Able to estimate length 
P11 C 0 Misreads scale Poor estimation of length 
P11 D 0 Misreads scale Poor estimation of length 
P12 A 0  Reasonable estimation Reasonable estimation 
P12 B 0 Over-estimation Over-estimation 
P12 C 1 Correct Good estimation 
P12 D 0 Under-estimation Under-estimation 
P13 A 0 6000 minutes in an hour Unable to multiply where there are 0's 
P13 B 0 600 minutes in an hour Unable to multiply where there are 0's 
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P13 C 1 Correct Able to multiply where there are 0's 
P13 D 0 6 minutes in an hour Unable to multiply where thee are 0's 
P14 A 0 Adds correctly but misses 'left' Misreads problem 
P14 B 0 Mis-adds or incomplete Unable to add vulgar fractions 
P14 C 0 Mis-adds or incomplete Unable to add vulgar fractions 
P14 D 1 Correct Able to add vulgar fractions 
P15 A 0 Confuses + and * Does not understand index 
notation 
Does not understand index notation 
P15 B 1 Correct Understands index notation 
P15 C 0 3y Does not understand index notation Does not understand index notation 
P15 D 0 y2 + y Does not understand index notation Does not understand index notation 
P16 10 1 Correct Able to express a decimal as a vulgar fraction 
P16 70 0 28/100 or 14/50 Unable to express vulgar fraction in lowest 
terms 
P16 71 0 Any fraction other than 28/100 with 28 as numerator Uses given digits 
P16 72 0 Any fraction with 28 as denominator Uses given digits 
P16 73 0 2/8 or 1/4 Uses given digits 
P16 74 0 Any mixing of decimal and vulgar fractions Unable to convert decimal fractions to vulgar 
fractions 
P16 79 0 Other incorrect Unable to convert decimal fractions to vulgar 
fractions 
P17 A 0 Uses given number (8) Given number over-rides other information 
P17 B 0 Confuses 8pm and 9am Misreads the table 
P17 C 1 Correct Able to read a table and a thermometer 
P17 D 0 Mis-reads 3pm for 8pm Misreads problem 
Q01 A 0 5 - 3n Represents problem order Does not understand problem 
Q01 B 0 3n Misreads problem Misreads problem 
Q01 C 0 n - 5 Reads first part of problem only Reads only part of problem 
Q01 D 0 3n - 5 Misreads problem Misreads problem 
Q01 E 1 3(n - 5) Correct Able to represent problem in algebraic form 
Q02 A 0 Omits the unknown (x) Does not understand algebraic equations 
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Q02 B 0 2 Subtracts x/9 to leave the 2 Does not understand algebraic equations 
Q02 C 0 Omits the denominator (9) Does not understand vulgar fractions 
Q02 D 1 Correct Able to solve algebraic fraction problem 
Q02 E 0 Multiplies by denominator (common factor?) Does not understand vulgar fractions 
Q03 A 0 Thousands are the largest number Unable to understand problem 
Q03 B 1 Correct Understands problem 
Q03 C 0 Hours are a long time Unable to understand problem 
Q03 D 0 A day is a long time Unable to understand problem 
Q04 A 0 Amy Does not understand the problem 
Q04 B 1 Correct Able to solve logic problem 
Q04 C 0 Dawn Unable to solve logic problem 
Q04 D 0 Debbie Unable to solve logic problem 
Q05 A 1 Correct Understands inequalities 
Q05 B 0 Uses given numbers (5, 5) Misreads problem 
Q05 C 0 More boys than girls Guess Unable to solve ratio inequality 
Q05 D 0 Cannot solve problem Cannot solve problem 
Q06 A 0 Under-estimate by a factor of ten Poor place value in multiplicative estimation 
Q06 B 0 Uses 10 months per year for estimate Poor choice of multiplier for estimate 
Q06 C 1 Correct Able to solve multiplicative estimation problem 
Q06 D 0 2 400 000 Multiplies 6000 by 4 weeks (24 000) then 
by 100 for the year 
Unable to solve multiplicative estimation 
problem 
Q06 E 0 Very poor place value skills Poor place value in multiplicative estimation 
Q07 A 0 Transposes formula incorrectly Unable to transpose a formula correctly 
Q07 B 0 4 Uses given number (3) Unable to substitute in a formula 
Q07 C 1 Correct Able to substitute in a formula 
Q07 D 0 Provides a given number Unable to solve formula problem 
Q07 E 0 Multiplies given numbers Unable to solve formula problem 
Q08 A 0 Longer is smaller Unable to order vulgar and decimal fractions 
correctly 
Q08 B 1 Correct Able to order vulgar and decimal fractions 
correctly 
Appendix XIV  OPM Re-codings 
 757 
Item  
Distractor 
or 
Category 
OPM 
Re-coding Distractor Description Distractor Inference 
Q08 C 0 Whole number order Unable to order vulgar and decimal fractions 
correctly 
Q08 D 0 1/5, 0.8, 0.345, 0.19 Guess Unable to order vulgar and decimal fractions 
correctly 
Q09 A 0 1/8 Multiplies all given fractions Unable to add and multiply vulgar fractions 
Q09 B 0 Adds numerators and denominators Unable to add and multiply vulgar fractions 
Q09 C 0 Multiplies all denominators Unable to add and multiply vulgar fractions 
Q09 D 0 5/6 Guess Unable to add and multiply vulgar fractions 
Q09 E 1 Correct Able to add and multiply vulgar fractions 
Q10 10 1 30 (100 - 70) Able to solve a logical problem 
Q10 70 0 20 Unable to solve a logical problem 
Q10 71 0 35 Unable to solve a logical problem 
Q10 72 0 40 Unable to solve a logical problem 
Q10 73 0 45 Unable to solve a logical problem 
Q10 74 0 50 Unable to solve a logical problem 
Q10 75 0 60 or 70 Unable to solve a logical problem 
Q10 79 0 Other incorrect Unable to solve a logical problem 
R06 A 1 Correct Able to solve decimal fraction subtraction to 
thousandths 
R06 B 0 No carry from thousandths Unable to carry from thousandths in 
subtraction 
R06 C 0 Smaller from larger as subtraction strategy Smaller from larger as subtraction strategy 
R06 D 0 No carry from hundredths or thousandths Unable to carry from hundredths or 
thousandths in subtraction 
R07 A 0 Divides 0.200 by 25 Does not understand the problem 
R07 B 1 Correct Able to divide decimal fractions 
R07 C 0 0.05 Does not understand the problem 
R07 D 0 Divided 0.200 by 2.5 Does not understand the problem 
R08 A 0 60m Reads end of drawn line on graph Unable to extrapolate non-linear line graph 
R08 B 1 Correct Able to extrapolate non-linear line graph 
R08 C 0 Reads axes in reverse order Unable to read axes on a graph 
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R08 D 0 100m Misreads x-axis Misreads axis scale 
R09 A 0 (a+b)+c=a+(b+c) Does not read FALSE in problem statement 
R09 B 0 ab=ba Does not read FALSE in problem statement 
R09 C 0 a+b=a+b Does not read FALSE in problem statement 
R09 D 0 (ab)c=a(bc) Does not read FALSE in problem statement 
R09 E 1 (a+b)+c=a+(b+c) Correct Reads FALSE in problem statement 
R10 A 0 Three Problem with visualization Visualization problems 
R10 B 0 Four Problem with visualization Visualization problems 
R10 C 1 Five Correct Able to visualize 2-D figures and partition 
shapes 
R10 D 0 Six Counts all triangles including one given Does not understand the problem 
R11 A 1 4 Correct Understands word form of algebraic statement 
R11 B 0 6 Problem putting problem statement in 
algebraic form 
R11 C 0 6 Adds student numbers given but omits to share 
between the remaining 2 
Problem putting problem statement in 
algebraic form 
R11 D 0 9 Adds number of students, subtracts from class size 
and divides by 2 
Problem putting problem statement in 
algebraic form 
R12 A 0 4369 Smaller from larger Smaller from larger misconception 
R12 B 0 3742 Incorrect decomposition and error in basic 
subtraction fact 
Misunderstands decomposition algorithm 
R12 C 1 3631 Correct Can subtract two four-digit numbers involving 
zeroes 
R12 D 0 3531 Problems in decomposition of 100s Basic fact error 
R13 10 1 80 Correct Able to complete two-step vulgar fraction 
problem 
R13 70 0 2/9 Expresses answer as vulgar fraction when $ 
answer required 
Unable to complete two-step problem 
R13 71 0 40 Finds only 1/9 of $360 Unable to complete two-step problem 
R13 72 0 120 Finds one-third of $360 Incorrectly calculates remaining money as 3/9 
(1/3) 
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R13 73 0 180 Reads 7/9 as 1/2 Does not understand the problem 
R13 74 0 300 Unable to solve the problem 
R13 79 0 Other incorrect Unable to solve the problem 
R14 10 1 450 Correct Able to solve a multi-step problem involving 
vulgar fractions 
R14 70 0 5 Finds the cost of one item only Unable to complete a multi-step problem 
R14 71 0 400 Reads 'same' to mean payment totals Does not understand the problem 
R14 72 0 420 Mis-calculates cost of one item Unable to complete a multi-step problem 
R14 73 0 500 Misreads number in problem Unable to complete a multi-step problem 
R14 74 0 600 Unable to complete a multi-step problem 
R14 79 0 Other incorrect Unable to complete a multi-step problem 
S01a 10 1 4 and 9 Correct Able to complete a simple table of values 
S01a 70 0 5 and 10 Miscounts first triangle Unable to complete a simple table of values 
S01a 71 0 5 and any other integer other than 10 Unable to complete a simple table of values 
S01a 79 0 Other incorrect Unable to complete a simple table of values 
S01b 10 1 64 Correct Able to extend a visual-numerical sequence 
S01b 70 0 16 The next element of the sequence Misreads the problem 
S01b 71 0 35 Unable to extend a visual-numerical sequence 
S01b 79 0 Other incorrect Unable to extend a visual-numerical sequence 
S02a 10 1 81 Correct Able to divide 405 by 5 
S02a 70 0 1 One square Does not understand the question 
S02a 79 0 Other incorrect Does not understand the question 
S02b 10 1 9 Correct Understands area 
S02b 70 0 1 Side length is the unit of measure 
S02b 71 0 20.25 One-fourth of the area  Confuses area and perimeter 
S02b 72 0 Other indication of division by 4 Confuses area and perimeter 
S02b 73 0 40.5 or any indication of division by 2 Confuses area and perimeter 
S02b 79 0 Other incorrect Unable to complete two-step problem 
S02c 10 1 108 Correct Able to calculate perimeter correctly 
S02c 11 1 Other response consistent with answer in S02b 
multiplied by 12 
Able to calculate perimeter correctly 
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S02c 19 1 Other correct response consistent with S02b Able to calculate perimeter correctly 
S02c 70 0 81 (4x20.25) or any other indication of multiplication 
by 4 
Confuses area and perimeter 
S02c 71 0 405 Uses the given area Confuses area and perimeter 
S02c 79 0 Other incorrect Unable to calculate perimeter 
T01a 20 1 33 and 21 Able to solve a multi-step problem 
T01a 10 1 Follows a correct procedure but makes an arithmetic 
error 
Able to solve a multi-step problem 
T01a 11 1 One correct solution Able to solve part of a multi-step problem 
T01a 70 0 15 and 39 Adds to 54 Misunderstands the problem 
T01a 71 0 One of the answers is 42 (54 - 12) Able to solve part of a multi-step problem 
T01a 72 0 15 and 27 (54 - 12 = 42 = 15 + 27) Correct procedure on wrong numbers 
T01a 79 0 Other incorrect Unable to solve a multi-step problem 
T01b 10 1 An equation with an unknown variable stated 
explicitly 
Algebraic solution strategy 
T01b 11 1 Divide 54 by 2; add 6 to 27, 33; subtract 6 from 27, 
21 
Arithmetic strategy 
T01b 12 1 Subtract 12 from 54, 42; divide by 2, 21; add 12 to 
21, 33 
Arithmetic strategy 
T01b 19 1 Other fully satisfactory strategy, including listing, 
guess and check 
Appropriate strategy 
T01b 70 0 No method shown Unable to solve a multi-step problem 
T01b 71 0 Inadequate method, but starts appropriately Inadequate strategy 
T01b 79 0 Other incorrect Inadequate strategy 
T02a 10 1 180 3x60 pieces Able to solve a multi-step problem 
T02a 70 0 30 Interprets two pieces to one as a half ratio Misunderstands the problem 
T02a 71 0 90 Interprets two pieces to one as a half ratio Misunderstands the problem 
T02a 72 0 120 Interprets problem as doubling Misunderstands the problem 
T02a 73 0 240 Triple 60 plus 60 Misunderstands the problem 
T02a 79 0 Other incorrect Does not understand the problem 
T02b 10 1 One-third Able to solve a multi-step problem 
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T02b 19 1 Any fraction equivalent to 1/3 Able to solve a multi-step problem 
T02b 70 0 1/4 or both 1/4 and 1/2 Misunderstands the ratio aspect of the 
problem 
T02b 71 0 3/8 or equivalent Adds given ratios Unable to complete the problem 
T02b 72 0 1/2 or equivalent Does not complete the problem Unable to complete the problem 
T02b 73 0 3/4 or equivalent Adds given ratios Unable to complete the problem 
T02b 74 0 Any integer Does not understand the problem 
T02b 79 0 Other incorrect Unable to solve a multi-step problem 
U01a 10 1 15 minutes Able to estimate by rounding 
U01a 11 1 16 minutes Able to estimate by rounding 
U01a 70 0 13 minutes Estimates by truncating 
U01a 71 0 14 minutes Unable to estimate 
U01a 72 0 15 minutes 14 seconds Calculates instead of estimating 
U01a 73 0 17 minutes Estimates by always rounding up 
U01a 79 0 Other incorrect Unable to estimate 
U01b 10 1 Each time correctly rounded to whole minutes Able to round correctly to the nearest 100 
U01b 11 1 Each time correctly rounded to nearest 5, 10, 15 or 
30 seconds 
Able to round correctly to the nearest 101 
U01b 12 1 Statements instead of calculations shown  
Eg, "rounded numbers up" 
Able to round correctly to the nearest 102 
U01b 13 1 Adds then rounds off Able to round correctly to the nearest 103 
U01b 19 1 Other correct Able to round correctly to the nearest 104 
U01b 70 0 One or more roundings are incorrect Unable to round correctly consistently 
U01b 71 0 Rounds off from 14 minutes 34 seconds Unable to round off correctly 
U01b 79 0 Other incorrect Unable to round off correctly 
U02a 20 1 9cm and 2cm Correct drawing shown Able to calculate simple ratios 
U02a 10 1 9cm and 2cm Drawing incorrect or missing Able to calculate simple ratios 
U02a 11 1 Length or width not correct Drawing correct Able to calculate simple ratios 
U02a 70 0 15cm and 2cm Explicitly stated or from the drawing Unable to calculate simple ratios consistently 
U02a 71 0 7.5cm and 2cm Explicitly stated or from the drawing Unable to calculate simple ratios consistently 
U02a 72 0 3cm and 2cm Explicitly stated or from the drawing Unable to calculate simple ratios consistently 
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U02a 73 0 2cm wide and length given as any other number not 
given above Explicitly stated or from the drawing 
Unable to calculate simple ratios consistently 
U02a 74 0 9cm long and width given as any other number not 
given above Explicitly stated or from the drawing 
Unable to calculate simple ratios consistently 
U02a 79 0 Other incorrect Unable to calculate simple ratios 
U02b 20 1 3:4, 3/4 or equivalent The areas are 18 and 24 
square cm. Or the ratio is is consistent with given 
rectangle the student's draw in response to part a 
Able to calculate simple ratios of areas 
U02b 21 1 The ratio is not 3:4 but answer is consistent with 
response to part a 
Able to calculate simple ratios of areas 
U02b 10 1 4:3 or equivalent The areas are 18 and 24 square 
cm 
Able to calculate simple ratios of areas 
U02b 11 1 An incorrect ratio or no ratio given The areas are 18 
and 24 square cm 
Able to calculate areas 
U02b 12 1 The difference (6) is given instead of a ratio The 
areas are 18 and 24 square cm 
Able to calculate areas 
U02b 13 1 The areas are not 18 and 24 square cm but are 
consistent with the answer to part a No ratio or an 
incorrect ratio is given 
Able to calculate areas 
U02b 14 1 The areas are not 18 and 24 square cm but are 
consistent with the answer to part a   
A difference consistent with those areas is given 
Uses difference in place of a ratio, but is able 
to calculate areas 
U02b 70 0 Focuses exclusively on the ratios of the lengths and 
widths between the given and new rectangles  
No areas shown 
Does not understand area 
U02b 79 0 Other incorrect Does not understand ratio or area 
V01 10 1 Number within the interval 165≤X≤170 Understands rounding 
V01 11 1 170 Understands rounding 
V01 12 1 Number within the interval 170≤X≤175 Understands rounding 
V01 13 1 Two or more numbers within the interval 165≤X≤170 Understands rounding 
V01 70 0 Number within the interval 175≤X≤180 Does not understand rounding 
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V01 71 0 150 or 200 Does not understand rounding 
V01 72 0 160 or 180 Adds or subtracts 'rounding to nearest' figure 
V01 73 0 Result of converting 170kg to other units Does not understand rounding 
V01 79 0 Other incorrect Does not understand rounding 
V02 30 1 Building A: Correct calculation of rent for both 
buildings 9600 yearly/800 monthly and 
9900yearly/825 monthly; or 825 to compare with 800 
given 
Complete solution to a multi-step problem 
V02 39 1 Other correct Complete solution to a multi-step problem 
V02 20 1 Building A: Correct calculation of rent for building A 
or B but not both 
Able to give a partly correct solution to a multi-
step problem 
V02 21 1 Building B or building is not named Correct 
calculation of rents for both buildings 
Able to calculate the solution to a multi-step 
problem but not explain it 
V02 10 1 Building A: Calculations or explanations are incorrect 
or inadequate 
Unable to solve a multi-step problem 
V02 11 1 Building A: No work shown Unable to solve a multi-step problem 
V02 12 1 Building B or building is not named Correct 
calculations of rent for either building but not both 
Unable to solve and explain a multi-step 
problem 
V02 13 1 Building A: explanation is given only in the form of 
extracts from the advertisements 
Unable to solve and explain a multi-step 
problem 
V02 19 1 Other minimal response Unable to solve and explain a multi-step 
problem 
V02 70 0 Building B: Incorrect or inadequate calculations Unable to solve a multi-step problem 
V02 71 0 Building B: No work shown Unable to solve a multi-step problem 
V02 79 0 Other incorrect Unable to solve a multi-step problem 
V03 A 0 5/2 Misreads 'total' as the amount of either blue or 
yellow 
Unable to construct a correct ratio 
V03 B 0 9/4 Reverses the ratio elements Misunderstands the problem 
V03 C 0 5/4 A part-to-part ratio Unable to construct a correct ratio 
V03 D 1 5/9 Correct ratio constructed Able to construct a ratio 
V04 10 1 24 Correctly calculates the area of a trapezium Able to calculate areas of trapezia 
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V04 70 0 10 The given length Confuses length and area 
V04 71 0 18 No understanding of area calculation 
V04 72 0 26 Uses the perimeter of the rectangle Confuses area and perimeter 
V04 73 0 30 Length by width of rectangle not trapezium Able to calculate area by LxW 
V04 74 0 60 Calculates with some iof the given numbers No understanding of area calculation 
V04 79 0 Other incorrect No understanding of area calculation 
 
